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About 
This Book 



Prime's 50 Series"^" family is a sophisticated group of totally 
compatible supermini computers. Its members axe the Prljie: 

6350™ 9955 II™ 9955 ^^ 9950 ^^ 

9755™ 9750™ 9655™ 9650™ 

2755™ 2655™ 2550™ 2450^1^ 

2350™ 2250™ 850™ 750™ 

650™ 550-11™ 550™ 500™ 

450™ 1450™ 400™ 350™ 

250-11™ 250™ 150 ™ 



The earlier processors are the 2250, 850, 750, 650, 550-11, 550, 500, 
450/, 1450, 400, 350, 250-11, 250, aM 150. 

The 50 Series sjretems embody an advanced 32-bit aiGhitecture that 
grants the user the ability to perform complex tasks efficiently and 
quickly. This document describes the 50 Series addressing modes and 
their instructions from a functional point of view. 
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NOflES 10 THE READER 

Several groups of people will find this docuinent useful: engineers, 
programmers, designers, and technicians. To read this IxDOk, you should 
have a basic uixierstaixLLng of computers, but not necessarily of Prime 
computers. Prijne stresses a high degree of compatibility ax3ross its 
product line; therefore, you can apply inuch of the information 
contained in this book to other Prime maxihines, as well as to the 50 
Series machines. 



CiRGANIZATiaN OF TEgS GUIDE 

This guide describes the instructions for S, R, V, and I addressing 
modes. Each of these modes is Introduced in Chapter 1. This chapter 
also presents the 50 Series datatypes and their applicable 
instructions. Chapters 2 and 3 contain detailed information about eada. 
instruction — name, format, mnemonic, and required operands — and a 
complete description of each of the instruction's actions. 

Chapters 1 through 3 may be summarized as follows: 

• Chapter 1 contains brief descriptions of S, R, V, and I addressing 

modes as well as a summary of datatypes with aji^licable 
instructions. 

• Chapter 2 is a dictionary of instructions executable in S, R, and V 

modes. 

• Chapter 3 is a dictionary of instructions executable in I mode. 

Appendix A discusses the condition codes and their interpretation. 

Appendix B presents tables of addressing information. 

Appendix C contains svuranary charts of the instructions. 

Appendix D discusses hardware considerations in performance and 
provides tables of relative instruction weights. 

App e TYJix E has those instructions that have been archived. 

Appendix F discusses the instructions sets in relation to the 2455. 
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PRIME DOCUMENTATION CONVENTIQNS 

The following conventions axe used in coiranand formats, statement 
formats, and in examples throughout this document. Examples illiistrate 
the uses of these commands and statements in typical applications. 



Convention Explanation 

UPPEE^CASE In command formats, words 
in uppercase indicate the 
names of commands, options, 
statements , and ke37words . 
Enter them in uppercase. 

lowercase In command formats, words 
in lowercase indicate vari- 
a±)les for which you must 
substitute a suitable value. 



Example 
CRL 



LDA address 



Bradcets 
[ ] 



Brackets enclose an optional 
item. 



[ DISPLACEMENT\16 ] 



Apostrophe An apostrophe preceding a 
' number indicates that the 

number is in octal. 
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Introduction 



This chapter briefly describes the S, R, V, ani I addressing modes as 
well as introducing their data representations. Eadh datatype 
operation is listed with its S, R, V, awi I mode instructions. 



ADCRESSIUG MODES 

The 50 Series processors support four addj?essing modes, each of which 
forms addresses differently. Depending on the prograjn aixi personal 
preference, one or two of these modes may be more useful than another. 
The three most linportant modes are: 

• V, or virtual 

• I, or general register 

• R, or relative 

The fourth mode — S, or sectored, mode — is supported for historical 
reasons. 
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V Mode 



V mode performs short emd long operations and has a wide variety of 
registers to use. A short (16-bit) instruction in this mode can 
reference the first 256 locations of both the steuik ajid link, as well 
as the 224 locations on either side of the current location in the 
procedure segment. A long (32-bit) V mode instruction can directly 
reference all locations in four segments. Indirect addressing can 
reference all locations in up to 4096 128-Kiyte segments. 



I Mode 

When referencing memory, I mode is similar to 32-bit V mode. The 
difference is that I mode short operations reference 8 32-bit general 
purpose registers for use as index registers, accumulators, counters, 
or the like. I mode long operations have the same referencing power as 
V mode long operations. They can also use immediate forms and five 
additional index registers. (This makes a total of 7 index registers 
that I mode long operations can use.) The index registers are 
specified by the source register field. General register 0, however, 
cannot be used for indexing. 

General register relative (GRR) is an addressing capability added to 
321 mode that speeds up big array accesses and often gives the effect 
of using general registers as base registers. (This is sometimes 
called IX mode.) The offset is formed in (3?R ty adding the 
displacement to bits 17 to 32 of the source register field. GBR is 
used by the I mode instructions AIP aiid LIP. (GEIR is not available for 
the earlier processors listed in "About This Book" . ) 

The C language pointer is used by the I mode instructions AGP, OOP, 
DCP, ICP, LCC, see, and TGNP. The format of this pointer is the same 
as the indirect pointer, except that bit 4 is redefined as the B (byte) 
bit. When this bit contains 0, it indicates that bits 1 to 8 (the left 
byte) of an address contain the character to be used; when this bit 
contains 1, bits 9 to 16 (the right byte) of an address contain the 
character. A null pointer is represented by a in bits 4 through 32. 
(The C language pointer and its instructions are not available for the 
earlier processors listed in "/^30ut IMs Book" . ) 

Normal effective address formation iises either a base register, 
indirect pointer (IP) or a general register (for (SIR addressing) as the 
source of the ring field, B bit, and segment n-umber. The C language 
pointer is well defined for the IP and GRR form. When the base 
register is the source of the B bit, software depends on finding it 
reset to zero, pointing to the leftmost byte. While it is possible to 
set the E bit in a base register using 48-bit IPs to specify 32-bit 
addresses, this practice is not now done. Future implementations of V 
and I modes will force bit 4 to zero during effective address formation 
when the source of the segment is a base register; otherwise it will 
copy bit 4. 
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R Mcxie 

A sector Is a hlocsk. of 512 (1000 octal) contiguous memory locations. 
Sector starts on location and ends on location '777; Sector 1 
begins on location '1000 and enis on location '1777; aj:id so on. 

An R mode instruction can reference any location in Sector 0, as well 
as a group of locations relative to the current value of the program 
counter. When the sector bit (S) in an R mode instruction is 0, the 
instruction can only reference locations in Sector 0. When S is 1, the 
instruction references locations relative to the current value of the 
program counter. The range of these relative locations is PC - '360 to 
PC + '377, inclTisive. 

Note that an R mode instruction that specifies a location in the range 
PC - '361 to PC - '400, inclusive, selects a special addressing code, 
such as stack register. 



S Mode 

Like R mode instructions, S mode instructions contain a sector bit. 
When S is 0, references are to Sector 0. When S is 1, however, 
references axe only to those locations within the sector contai n ing the 
instruction. 

S mode is a holdover from early Prime machines that were based on the 
Honeywell 316 and 516 minicomputers. When operating in S mode, the 50 
Series processors act exactly as these early machines do. 



Summary of Aidressing Modes 

Table 1-1 summarizes addressing information about S, R, V, and I modes. 
For further information, see Chapter 3 of the Ss^tem Arcbitectuje 
Reference Guide. 
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Table 1-1 
Suiranaxy of Addressing Modes 



Mode 


Address 
Length 


Addressing Range 


# Index 
Regs 


Irrlirectioni 
Levels 1 


16S direct 


14 bits 


1024 han fwords 


One 




16S indirect 


14 bits 


16K halfwords 


One 


Multiple 1 


32S direct 


15 bits 


1024 hfl.l fwords 


One 




32S iTxiirect 


15 bits 


32K halfwords 


One 


Multiple 1 


32R direct 


15 bits 


1008 ha,l fwords 


One 




32R indirect 


15 bits 


32K halfwords 


One 


Multiple 1 


64R direct 


16 bits 


1008 halfwords 


One 




64R iTviirect 


16 bits 


64K halfwords 


One 


1 

One 1 

1 


64V 16-bit 

instructions 


16 bits 


64E halfwords: 
+256 SB relative 
+256 LB relative 
+/-256 PC relative 
+512 PB absolute 


One 


1 

One 1 

1 

1 

1 

1 
1 


64V 32-bit 

i nfftructions 


28 bits 


4 segments* 


Two 


1 
One i 

1 

1 


64V indirect 


28 bits 


4096 segments* 


Two 


1 

One 1 

1 


321 all 


28 bits 


12 segments* 
with GBR** 


Seven 


1 
One 1 

1 

1 


321 indirect 


28 bits 


4096 segments* 


Seven 


1 

One 1 



* All segments contain 128 Kbytes. 

'* Fo'ux segments for the 2250 and earlier processors because they 
have no C3?R capability. 
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SUMMARY OF DATATYPES AM3 APPLICABLE INSTRUCTIONS 

The 50 Series systenis support several data representations. These 
representations fall into the major groups: 

t F±xed-po±nt data 

• Floating-point niimbers 

• Decimal integers 

• Gharaoter strings 

• Queues 



Tables 1-2 etnd. 1-3 list the instructions appliceible to the datatype 
operations (other than queues) availsLble in S, R, V, aM I modes. The 
tody of each taible shows which instructions perform a specific 
operation on a specific datatype. For detailed information aixjut each 
instruction, refer to the instruction dictionaries in Chapters 2 arei 3 
of this manual. For further information aix)ut datatypes, see Chapter 6 
of the S3^tem Architecture Reference Guide . 

Vhen using Tai)les 1-2 and 1-3, aa represents the set of arithmetic 
conditions [ BQ, GE, GT, IE, LT, NE ~1 . Also, these tables do not 
include ij^st ructions that operate on CBIT, LIMK, the condition codes, 
or queues. 

Throughout the rest of this book, R is used to indicate a 32-bit I mode 
general register, while r indicates bits 1-16 of a 32-bit I mode 
genergl register. In addition, A and B represent the S and R mode 
16-bit registers; L and E represent the V mode 32-bit registers. 
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TaLble 1-2 
Summary of Datatypes aM Appllcaisle S, R, V Mode Instrucrtions 



1 Operation 


Size of 


Datatype (in Bits of Register) 


1 


16 
(A) 


31 
(A/B) 


32 
(L) 


64 
(L/E) 


32FP I64FP I128FPI 
(FAC) 1 (DAC) 1 (QAC) i 


Deci 
(-)i 


1 Load from memory 


T,m 


nr,D 


T,nr, 




FLD 1 UFLDI QFLDI 


XMVI 


1 Sto3?e to memory 


STA 


DST 


STL 




FST 1 Db'STi QFSTI 




1 Add 


ATT) 


DAD 


Anr, 




FAD 1 DFADI QFADI 


XADI 


1 Subtract 


SUB 


DSB 


SHL 




FSB 1 DFSBI QFSBI 


XADI 


1 Multiply 


MPy 




MPL 




FMP 1 DFMPI QFMPI 


XMPI 


1 Divide 


DIV 




DVL 




FDV 1 DFDVI QFUVI 


XD7I 


! Increment 


IRS, 
AlA, 
A2A 












1 Decrement 


SIA, 








1 1 




1 AND 


ANA 




ANL 








1 OR 


ORA 












1 X(W 


ERA 




ERL 








1 Complement 

1 


CMA 












1 Compare 


GAS, 
CAZ 




OT.S 




FCS 1 Dt-CSl QPC, 
1 1 QFCS 


HLMl 


1 Logical test 


Tfla 




TTfla, 




LFafl,i LFaai 




1 Branch 


Bafl, 




RTfla 




BFaai BFaa! 




1 Logical left shift 


ALL 




T,T,T, 








1 Logical right shift 


ARL 




lilL 








1 Arithmetic left shift 


AT.S 


T,T,S 


T.T.S 








1 Arithmetic right 
i shift 


ARS 


ms 


1 IRS 








1 Rotate left shift 


ALR 




1 UB 
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T8Lble 1-2 (continued) 
Summary of Datatypes and Applicable S, R, V Mode Instructions 



Operation 


1 Size of 


Datatype (In Bits of Register) i 

1 


16 
(A) 


31 
(A/B) 


32 1 64 

(L) l(L/E) 


1 

32FP I64FP I128FPI Deci 
(FAC) 1 (DAC) 1 (QAC) 1 (-) 1 


Rotate right shift 


APR 




WR 1 




cnea,r 


CRA 


CRL 


CRL ICRLE 




Clear left 


CAL 


CRA 


CRA 1 CRL 




ai.ea.r right 


CAR 


CRB 


CRB 1 CRE 




Interchange ha,lves 


IGA 


lAB 


lAB 1 TT,K 




Interchange and 
ol.eax left 


ICL 


XCA 


XCA 1 




Interchange a,n<i 
clear right 


IGR 


XCB 


X(!H 1 




Two's complement 


'iiCA 




TCL 1 


FCM 1 DFGMI QFGMI 1 


Set sign 


SSM 


SSM 


SSM 1 

1 




dear sign 


SSP 


SSP 


SSP 1 




Change sign 


CHS 




CHS 1 




Convert datatypes: 










Integer to 
floating point 


FLTA 


FLOT 


FLTLl 




Float-ing point 
to integer 


IMTA 


INT 


lOTLI 


1 1 QINQI 1 
1 1 QICJRI 1 


Binary to decimal i 


XBTD 




Xifi'DI XBTD 




Decimal to binary 


XDTB 




KUmi XDTB 




Position for integer i 
divide I 


pim 


PID 


PTDLI PiUL 




Position after i 
multiply 1 


PIMA 


PIM 


PIMLI PIML 




Skips 1 


Saa 






FSaai FSaai i i 
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Table 1-3 
Suitimary of Datatypes and Applicable I Mode Instructions 



Operation 



Size of Datatype (in Bits of Register) 



16 I 32 I 64 I32FP 
(r) I (R) l(R/R+l)l(FAC) 



64FP I128FPI Dec 
(DAC)I(QAC)I (-) 



Load, from memory 

Store to memory 

Add 

Subtract 

Miiltiply 

Divide 

Increment 

Decrement 

AND 
OR 

Complement 
Compare 
Logical test 
Branch 

Logical shift 
Arithitetic shift 
Shift right 1 
Shift right 2 
Shift left 1 



LH 


L ! 1 


STH 


ST 1 1 


AH 


A 1 1 


SH 


S 1 1 


MH 


M 1 1 


DH 


D 1 1 


IMH, 


IM, 1 1 


IHl, 


IR1,I 1 


IH2 


IR2 1 1 


DMH, 


EM, i 1 


DHl, 


ERl, 1 1 


DH2 


m2 1 1 


NH 


N 1 1 


OH 


1 1 


XH 


X 1 1 


CMH 


GMR 1 1 


CH 


C 1 1 


LHafl, 


TiRia 1 1 


BHaa 


BRaa, i i 




SHL 1 1 




SHA 1 1 


SHRl 


SRI 1 1 


SHR2 


SR2 1 1 


SHLl 


SLl 1 1 


LHLl 





FL 

FST 

FA 

FS 

FM 

FDV 



DFL 

DFST 

DFA 

DPS 

DFM 

DFDV 



FC 

liFaa 

BFaa 



DFC 

LFaa 

BFaa 



QFLD 
QFST 
QFAD 
QFSB 
QFMP 
QFDV 



QFC. 



XMV 

XAD 
XAD 
XMP 
XD7 



XGM 
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TSLble 1-3 
Summaxy of Datatypes and Applicable I Mode Instructions 



Operation 



Shift left 2 

Shift left 3 

Rotate 

Cleax 

Clear left 

C!lear right 

Interchange halves 

Interchange and 
clear left 

Interchange and 
dear right 

Two's complement 

Set sign 

dear sign 

Change sign 

Convert datatypes: 
Integer to 
floating point 

Floating point 
to integer 

Binary to decimal 

Decimal to binary 

Position for integer 
divide 

Position after multiply 



1 Size of Datatype (in Bits of Register) i 


1 16 
1 (r) 


1 32 
1 (R) 


1 64 
1 (R/R+1) 


I32FP 
l(FAC) 


I64FP 
l(DAG) 


I12RFPI 
l(QAG)l 


Deci 
(-)i 


1 SHJP. 
1 THT£>. 


1 sra 












1 LHL3 


Ror 

GR 












1 GR,Rr, 


GRHL 












1 CRBR 


GRHR 












1 IRE 


IRH 


I 










1 ICKT. 


IGHL 












1 ICBR 


ICHR 












1 TGH 


TC 




PGM 


DPGM 


Qh\M\ 




1 SSM 


SSM 












1 SSP 


SSP 












1 CHS 


CHS 












1 FLTH 


FLT 












1 INTH 


INT 








QICJRI 




1 XESTDI 
1 XJJi'BI 
1 PIUHI 


XBTDI 
JiUi'BI 
PID 1 


JiBTDl 
(DAOO)I 

XUfi'BI 
(DACO)I 

PID 1 










1 PIMHI 


PIM 1 


PIM 1 
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S, R, and V Mode 



INTROCUCrilCN 

This Chapter contains descriptions for all 50 Series instructions used 
in S, R, and V modes. In the description of each instruction, you will 
find: 

• The instruction mnemonic followed by any arguments. 

• The name of the instruction. 

• The bit format of the instruction. 

• The modes for which the instruction is valid. 

• Detailed information describing the instruction's action. 

• Information about the how the instruction affects LINK, CBIT, 
and the condition codes. 



Notation Conventions 

Several abbreviations and symbols are used throughout this dictionary. 
Table 2-1 defines the dictionary notation. 
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Table 2-1 
Dicrtionary Notation 



1 Symbol i 


Meaning i 


1 A 1 


The A register. i 


1 ADIlhiESS 


Encompasses all the elements needed to specify an i 
effective afidress. This term is iised becaiise various i 
addressing types require you to specify the elements i 
in different orders (sudi as indirect or pre- and i 
post -indexing) . i 


1 AP 1 


Address pointer. I 


1 B 


The 16-bit B register. i 


1 BR 


Ra.se register. 1 


1 CB 


Class bits. 1 


1 CBIT 


Bit 1 of the keys. I 


1 DAC 


The double precision floating-point aocuirtulator with 48 I 
bits of mantissa and 16 bits of exponent. i 


1 Displaxse- 
1 ment 


The number of halfwords to be added to the base register i 
to form the effecive address. i 


1 E 


The 32-bit E register. i 


1 EA 


Effective address. i 


1 F 


Floating-point accumulator. i 


1 FAC 


The Fiingle precision floating-poiat accumulator with 48 I 
bits of mantissa and 16 bits of exponent. I 


1 FAR 


Field, address register. i 


! Fm 


Field length register. I 


1 Halfwoixi 


A 16-bit unit of memory. i 


1 I 


1 Indirect bit. i 


1 L 


1 The 32-bit L register. I 


1 T.TNK 


1 Bit 3 of the keys. Not used in S and R modes. i 


1 Offset 


1 The number of halfwords from the starting address of a i 
1 segment . i 
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Table 2-1 (continued) 
Dictionary Notation 



Symbol 
QAC 

skip 

Void 

X 

XB 

Y 

ni\n 

[ ] 



Meaning 



The quad precision floating-point accumulator with 96 
bits of mantissa and 16 bits of exponent. 

Skip next 16-bit halfword before contiiming execution, 

A 32-bit unit of memory. 

The X register (indexing). 

Auxiliary base register. 

The Y register (indexing). 

Specifies the number of bits, n, occupied by field m. 

Specifies an optional argument. 



Resumable Instructions 

Some assembly language instructions are resmnable. Vfhen an interrupt 
is requested during the execution of an instruction, the processor 
usually services the interrupt at the end of execution before starting 
the next Instruction. Some instructions, however, are too long or too 
complex for this to be desirable. When an interrupt is requested 
during one of these resumable instructions, the processor preserves the 
state of the interrupted instruction, handles the interrupt, then 
resumes the instruction at the point where the interrupt occurred. 
Table 2-2 lists the resumable assembly language instructions. 



Table 2-2 
Resumable Instructions 



1 Instructions i 


1 ARGT 


XAD 


XBTD 


XGM 1 


1 XEHB 


XDV 


XED 


XMP 1 


1 XMV 


ZCM 


ZED 


ZFIL 1 


1 ZMV 


ZMVD 


ZTRN 


STEX 1 
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These instructions depend on the settings in certain registers to 
determine whether they axe being executed for the first or another 
time. In addition, some registers may be used for intermediate 
storage, modifying the previous contents as a side effect. Registers 
so modified are noted per instruction description. 



Storing Data Into the V and I Mode Instruction Stream 

For the 6350 and 9750 to 9955 II, you must wait five instructions 
before executing data after any instruction that stores data into 
memory. If in doubt about the next five instructions (temporally) to 
be executed, use a mode change instruction to the current addressing 
mode, such as E64V, to allow the stored data to be executed. The rest 
of the 50 Series has no such restriction. 



Instruction Formats 

All s, R, and V mode instructions belong to one of the following 
instruction types: 

t S and R Mode Memory Reference, Short 

• V Mode Memory Reference, Short 

• R Mode Memory Reference, Long 

• V Mode Memory Reference, Long 

• V Mode Generic AP (Address Pointer) 

• S, R, and V Mode Generic Type A 

• S, R, and V Mode Generic Type B 

• S, R, and V Mode Shift 

• S, R, and V Mode Skip 

The format of each instruction type is shown in Figure 2-1. 

Short and long memory reference instructions have an opcode in bits 3 
to 6. The value of this opcode ranges from 1 to '17, inclusive, with 
the exception of '14, which is reserved for I/O. For opcode '15, the X 
bit is part of the opcode. 

In addition, long memory reference instructions have an opcode 
extension contained in bits 13 to 14. Generic AP instructions have a 
generic A or B format (where bits 7 to 16 contain the opcode extension) 
followed by a 32-bit address pointer. 
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Generic A and B, shift, and skip lustruotions axe 16 bits long, all of 
whiGh form an opcode. The values of bits 1 and 2 determine the basic 
instruction type: 11 for Generic A, 00 for Generic B, 01 for shifts, 
and 10 for skips. Bits 3 to 6 contain 0. Bits 7 to 16 contain an 
opcode extension. For shifts, bits 10 to 16 of the opcode extension 
contain the two's complement of the number of shifts to perform. 



12 3 6 7 16 



I I I X I OP I DISPLACEMENT I 

S and R Mode Memory Reference, Short 

12 3 6 7 8 16 



I I X I OP I 1 I DISPLACEMENT 



V Memory Mode Reference, Short 
12 3 6 7 12 13 14 15 16 17 32 



I I I X I QPOODE I 110000 I OPEX I CB I [ OPTIONAL DISP ] I 



R Mode Memory Reference, Long (Extended) Format 
12 3 6 7 11 12 13 14 15 16 17 32 



I I X I OPOCDE I 11000 I Y I OPEX I BR I DISPLACEMENT I 



33 48 

I AIOIENT 0QE3E* I 



V Mode Memory Reference, Long Displacement Format 
"For quad operations only. 



S, R, and V Mode Instruction Formats 
Figure 2-1 
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1 16 

I GENERIC A CR B I 

17 20 21 22 23 24 25 32 33 48 

BIT I I I I BR I 00000000 I OFFSET I 



Generic AP Format 

1 6 7 16 
1 110000 I OPOODE EXT I 



S, R, V Modes Generic A Format 

1 6 7 16 
I 000000 I OPOODE EXT I 

S, R, V Modes Generic B Format 

1 6 7 16 



010000 I OPOODE EXT I 

S, R, V Modes Shift Format 

1 6 7 16 
I 100000 I OPOODE EXT I 

S, R, V Modes Skip Format 



S, R, aiKi V Mode Instruction Formats 
Figure 2-1 (continued) 
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INSTRUCTIONS 

^ AlA 

Add 1 to A 

1100001010000110 (S, R, V mode form) 

Adds 1 to the contents of A and stores the result in A. If A initially 
contains (2**15)-1, an integer exception occurs and the instruction 
loads -(2**15) into A. If no integer exception occurs, the instruction 
resets CBIT to 0. LINK contains the carry-out bit. The coalition 
codes reflect the result of the operation. (See Appendix A.) 

If an integer exception occurs aM hit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If hit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Oiapter 10 
of the System Architecture Reference Guide for more information. 



^ A2A 

Add 2 to A 

1100000011000100 (S. R, V mode form) 

Adds 2 to the contents of A and stores the result in A. If A initially 
contains (2**15)-1 or (2**15)-2, an integer exception occurs aM the 
instruction loads -(2**15)+1 or -(2**15), respectively, into A. If no 
exception occurs, the instruction resets CBIT to 0. LINK contains the 
carry-out bit. The condition codes reflect the result of the 
operation. (See Appendix A. ) 

If an integer exception occurs and bit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the Systesa. Architecture Refei-ence Guide for more information. 



► ABQ address 

Add Entry to Bottom of Queue 

1100001111001110 (V mode form) 

AP\32 

Adds the entry contained in A to the bottom of the queue referenced by 
the AP. (AP points to the queue's QCB.) Sets the condition codes to 
reflect BQ if the queue is full, or to NE if not full. Leaves the 
values of CBIT and LINK xmchanged. See Chapters 6 and 11 of the Ss^em 
Architectui-e Reference Guide for more information about queues aTvA 
queue operations. 
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► AGA 

Add CBIT to A 

1100001010001110 (S, R, V mode form) 

Adds the valvB of CBIT to the contents of A and stores the result in A. 
If the Initial value of A is (2**15)-1 and CBIT is 1, the instruction 
loads -(2**15) into A arxi an integer exception occurs. If no integer 
exception occurs, the instruction resets CBIT to 0. LINK contains the 
carry-out bit. The condition codes reflect the result of the 
operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 axxl causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



Note 



This instruction adds CBIT to bit 16 of A. 



^ ACD address 

IXOllOllOOOYOO ER\2 (V mode long) 
DISPLACEMENT\16 

IXOllOllOOOOOO CB\2 (R mode long) 
[ DISPLAGEMENT\16 ] 

I X 1 1 DISPLACEMENTMO (S mode; R, V mode Short) 

Calculates an effective address, EA. Fetches the 16-bit contents of 
the location specified by EA and adds them to the contents of A. 
Stores the results in A. 

If the resulting sum is less than or equal to (2**15)-1 and greater 
than or equal to -(2**15), the ii^truction resets CBIT to 0. If the 
sum is greater than or equal to 2**15, an integer exception occurs. If 
the sum is less than or equal to -(2**15)-1, an integer exception 
occurs. 

When an integer exception occurs, the results axe of the opposite sign 
of the correct answer. In addition, the 16 bits are the 16 LSBs of the 
correct answer, which needs 17 bits to be correctly represented. 

If an iateger exception occurs and bit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System ArcMtecture Reference Guide for more information. 

At the end of the operation, LINK contains the carry-out bit. The 
condition codes reflect the result of the operation. (See Appendix A. ) 
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► ADL address 
Add Long 

IXOllOllOOOYll BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates an effective address, EA. FetcOies the 32-bit contents of 
the location specified ty EA and adds them to the contents of L. 
Stores the results in L. 

If the resulting sum is less than or equal to (2**31)-1 and greater 
than or equal to -(2**31), the instruction resets CBIT to 0. If the 
sum is greater than or equal to 2**31, an integer exception occurs. If 
the sum is less than or equal to -(2**31)-1, an integer exception 
occurs. 

When an integer exception occurs, the results are of the opposite sign 
of the correct answer. In addition, the 32 bits aj?e the 32 LSBs of the 
correct answer (that needs 33 bits to be correctly represented). 

If an integer exception occurs and bit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 

At the end of the operation, LINK contains the carry-out bit. The 
condition codes reflect the result of the operation. (See Appendix A. ) 



► ADLL 

Add LINK to L 

1100001000000000 (V mode form) 

Adds the contents of LINK to the contents of L and stores the result in 
L. If the initial value of L is (2**31)-1 and LINK is 1, an integer 
exception occurs. When an integer exception occurs, the results are of 
the opposite sign of the correct answer. In addition, the 32 bits are 
the 32 LSBs of the correct answer, which needs 33 bits to be correctly 
represented. 

If no integer exception occurs, the instruction resets CBIT to 0. LINK 
contains the carry-out bit. The condition codes reflect the result of 
the operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of tihe System Architecture Reference Guide for more information. 

Note 
This instruction adds the value of LINK to bit 32 of L. 
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^ ALFA fax 

Add L to FAR 

OOOOOOlOllOOFOOl (V mode format) 

Adds the two's cartplement val"ue contained in L to the offset and bit 
nvimber fields of FAR aM stores the result in the specified FAR. 
Leaves the values of LINK aai CBIT indeterminate. The values of the 
coiiiition codes remain imchanged. 

Figure 2-2 shows the format of L and the specified FAR for this 
instruction. 



32 



I Numiber of bits to add to address pointer 



Format of L 
16 17 32 33 36 



I RING, SEGMENT I OFFSET # I BIT # 



Format of FAR 



L aM FAR Format for ALFA 
Figure 2-2 



^ ALL n 

A Left Logical 

1 1 1 N\6 (S, R, V mode form) 

Shifts the contents of A left the appropriate number of bits, bringing 
zeros in througji bit 16 as needed. CBIT and LTNK contain the value of 
the last bit shifted out; the values of the other bits shifted out are 
lost. Leaves the values of the condition codes uncihanged. See caoapter 
6 of the System Architecture Reference Guide for more information about 
shifts. 

N contains the two's complement of the number of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 
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^ AIi% n 

A Left Rotate 

1 1 1 1 N\6 (S, R, V mode form) 

Shifts the contents of A to the left, rotating bit 1 into bit 16. 
Stores the result in A. CBIT and LINK contain the value of the last 
bit rotated into bit 16. Leaves the values of the condition codes 
unQhanged. See Chapter 6 of the System Architecture Reference Guide 
for more information about shift sT ' " 

N contains the two's complement of the number of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



^ ALS n 

A Arithmetic Left Shift 

1 1 1 1 N\6 (S, R, V mode form) 

Shifts the contents of A to the left, bringing zeros in on the right 
Stores the result in A. If bit 1, the sign bit, changes state, the 
shift has resulted in a loss of significance and produces an integer 
exception. If no integer exception occurs, the instruction resets CBIT 
to 0. The value of LINK is indeterminate. Leaves the values of the 
condition codes unchanged. See Qiapter 6 of the System Architec ture 
Reference Guide for more information about shifts. ~ 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



► ANA address 
AND to A 

IXOOllllOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

IXOOllllOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 1 DISPLACEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. Logically ANDs the 16-bit 
contents of the location specified by EA with the contents of A, and 
stores the result in A. Leaves the values of CBIT, LINK, aM the 
condition codes unchanged. 
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► ANL address 
AND to A Long 
IXOOllllOOOYll BR\2 (V mode form) 

Calculates a 32-bit effective address, EA. logically ANDs the 32-bit 
contents of the location specified ty EA with the contents of L, and 
stores the result in L. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



^ ARGT 

Argument Transfer 
0000000110000101 (V mode form) 

Transfers arguments from a source proced\H« to a destination procedure. 
ARGT is fetched and executed only when the argument transfer phase of a 
procedure call (PCL) instruction is interrupted or faulted. 

To perform a procedure call and argument transfer, the source procedure 
must contain the PCL instruction followed ty a number of argument 
templates. The destination procedure must begin with the ARGT 
instruction. V?hen the PCL instruction is executed, control transfers 
to the destination procedure, aoi the ARGT instruction uses the 
templates to form the actual arguments. The arguments axe stored in 
the new stack frame as they are computed. At the end of the ARGT 
instruction, the values of CBIT, LINK, and the condition codes axe 
indeterminate . 

ARGT must be the first executable instruction in any destination 
procedure that will use arguments. For those procedures whose entry 
control blocks specify zero arguments, you must omit ARGT or you will 
destroy the return pointer for PCL, producing indetermojiate results. 

For more information about argument transfers, refer to the section on 
procedure calls in Chapter 8 of the Sjystem Architecture Reference 
Guide. 



^ ARL n 

A Right Logical 

1 1 N\6 (S, R, V mode form) 

Shifts the contents of A right the appropriate number of bits, bringing 
zeros in through bit 1. CBIT arxi LINK contain the value of the last 
bit shifted out; the values of the other bits shifted out axe lost. 
Leaves the values of the condition codes unchanged. 

N contains the two's complement of the number of shifts to perform. If 
N contains 0, the Instruction performs 64 shifts. 



Second Edition 2-12 



S, R, AND V MODE 



A Right Rotate 

1 1 1 N\6 (S. R. V mode form) 

Shifts the contents of A to the right, rotating bit 16 into bit 1. 
CBIT and LINK contain the valxie of the last bit rotated into bit 1. 
Leaves the values of the condition codes \mcaianged. 

N contains the two's complement of the number of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



^ ARS n 

A Arithmetic Right Shift 

1 1 1 N\6 (S, R, V mode form) 

Shifts the contents of A to the right arithmetically, shifting copies 
of bit 1, the sign bit, into the vacated bits. CBIT and. LINK contain 
the value of the last bit shifted out; the values of the other bits 
shifted out are lost. Leaves the values of the condition codes 
unGhanged. 

N contains the two's complement of the number of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



► ATQ address 

Add. Entry to Top of Quevie 

1100001111001111 (V mode form) 
AP\32 

Adds the entry contained in A to the top of the queue referenced fcy the 
AP. (AP points to the queue's QCB.) Sets the condition codes to 
reflect BQ if the queue is full, or to NE if not full. Leaves the 
values of CBIT and. LINK imchanged. For more information about queues 
and qiieue manipulation, see Chapters 6 and 11 of the System 
Architecture Reference Guide. 
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^ BCEQ address 

BrgoiGli on Condition Code BQ 
1100001110000010 (V mode form) 
ADCRESS\16 

If the condition codes reflect equal to 0, the instruction loads the 
specified address into the program counter. This address must be 
within the curi-ent segment. If the condition codes reflect some other 
condition, execution continues with the next instruction. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



^ BOGE address 

Branch on Coixiition Code GE 

1100001110000101 (V mode form) 
ADCRESSXie 

If the condition codes reflect greater than or equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the condition codes 
reflect some other condition, execution continues with the next 
instruction. Leaves the values of CBIT, LINK, and the condition codes 
imchanged. 



^ BOCT address 

Branch on Condition Code GT 

1100001110000001 (V mode form) 
AHBESSXie 

If the condition codes reflect greater than 0, the instruction loads 
the specified address into the program counter. This address must be 
within the current segment. If the condition codes reflect some other 
condition, execution continues with the next instruction. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



► BCLE address 

Branch on Coiiiition Ctode LE 

1100001110000000 (V mode form) 
AlXRESSMe 

If the condition codes reflect less than or equal to 0, the instruction 
loads the specified address into the program counter. This address 
must be within the current segment. If the condition codes reflect 
some other condition, execution continiies with the next instruction. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 
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► BCLT address 

Branch, on Condition Code LT 
1100001110000100 (V mode form) 
ADCRESS\16 

If the condition codes reflect less than 0, the instruction loads the 
specified address lato the program counter. This address must be 
within the current segment. If the condition codes reflect some other 
condition, execution continues with the next instruction. Leaves the 
valiies of CBIT, LINK, and the condition codes unchanged. 



► BGNE address 

Branch on Condition Code NE 
1100001110000011 (V mode form) 
ADCRESS\16 

If the condition codes reflect not equal to 0, the instruction loads 
the specified address into the program counter. This address must be 
within the current segment. If the condition codes reflect some other 
condition, execution continues with the next Instruction. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



► BGR address 

Branch on CBIT Reset to 

1100001111000101 (V mode form) 
AECRESS\16 

If CBIT has the value 0, the instruction loads the specified address 
into the program counter. This address must be within the current 
segment. If CBIT has the value 1, execution continues with the next 
instruction. Leaves the values of CBIT, LINK, and. the condition codes 
imchanged. 



► BCS address 

Branch on CBIT Set to 1 

1100001111000100 (V mode form) 
ADCRESS\16 

If CBIT has the value 1, the instruction loads the specified address 
into the program counter. This address must be within the current 
segment. If CBIT has the value 0, execution continues with the next 
instruction. Leaves the valiies of CBIT, LINK, and the condition codes 
unchanged. 
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^ BDX address 

Brancli on Decremented X 

1100000111011100 (V mode form) 
ADERESS\16 

Decrements the contents of X by one aM stores the result In X. If the 
decremented vaaue is not equal to 0, loads the specified address into 
the program counter. This address must be within the current segment. 
If the decremented valioe is equal to 0, execution contiimes with the 
next instruction. Leaves the values of CBIT, LINK, axid the condition 
codes \mchaiiged. 



► BUi address 

Branch on Decremented Y 

1100000111010100 (V mode form) 
ADCRESS\16 

Decrements the contents of Y ty one aM stores the result in Y. If the 
decremented value is not equal to 0, loads the specified address into 
the program counter. This address must be within the current segment. 
If the decremented value is equal to 0, execution continiies with the 
next instruction. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



^ BBQ address 

Branch on A Equal to 

1100000110001010 CV mode form) 
ADCRESS\16 

If the contents of A are equal to 0, the instruction loads the 
specified address into the program counter. This address must be 
within the current segment. If the A contents are not equal to 0, 
eacecution continues with the next instruction. The condition codes 
contain the result of the comparison. (See Appendix A. ) Leaves the 
values of LINK and CBIT unchanged. 



^ BFBQ address 

Branch on Floating Accumulator Equal to 
1100001110001010 (V mode form) 
ADDRESSXie 

If the contents of the floating accumulator are equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the floating 
accumulator contents axe not equal to 0, execution continues with the 
next instruction. The condition codes contain the result of the 
comparison. (See Appendix A.) Leaves the values of LINK and CBIT 
unchanc^ed . 
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BFBQ works correctly only on normalized or nearly normalized niunbers. 
because it checks the first 32 fraction bits only for equal to zero aai 
less than zero. (See Chapter 6 in the System Arch itecture Reference 
Guide.) ■ — 



^ BPGE address 

Branch on Floating Accumulator Greater Than or Equal to 
1100001110001101 (V mode form) 
ADDRESSXie 

If the contents of the floating accumulator are greater than or equal 
to 0, the instruction loads the specified address into the program 
counter. This address must be within the current segment. If the 
floating accuimilator contents are less than 0, execution continues with 
the next instruction. The condition codes contain the result of the 
comparison. (See Appendix A. ) Leaves the values of LINK aai CBIT 
unchanged. BPGE works correctly only on normalized or nearly 
normalized numbers, because it checks the first 32 fraction bits only 
for equal to zero and less than zero. (See Chapter 6 in the ^tem 
Architecture Reference Guide.) 



► BPGT address 

Branch on Floating Accumulator Greater Than 
1100001110001001 (V mode form) 
ADDRESS\16 

If the contents of the floating accumulator are greater than 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the floating 
accumulator contents are less than or equal to 0, execution continues 
with the next instruction. The condition codes contain the result of 
the comparison. (See Appendix A.) Leaves the valxies of LINK and CBIT 
unchanged. BPGT works correctly only on normalized or nearly 
normalized n;mbers, because it checks the first 32 fraction hits only 
for equal to zero and less than zero. (See Chapter 6 in the Stystem 
ArchitectTire Reference Guide.) 



► BFLE address 

Branch on Floating Accumulator Less Than or Equal to 
1100001110001000 (V mode form) 
ADCRESSMe 

If the floating accumulator contents are less than or equal to 0, BFLE 
loads the specified address into the program counter. This address 
must be within the current segment. If the floating accumulator 
contents are greater than 0, execution contin-ues with the next 
instruction. The condition codes contain the comparison result. (See 
Appendix A. ) Leaves the values of LINK and CBIT unchanged. 
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BFLE works correctly only on normalized or neaxly normalized numbers, 
because it checlES the first 32 fraction bits only for equal to zero and 
less than zero. (See Chapter 6 in the System Architecture Reference 
Guide.) 



^ BFLT address 

Branch on Floating Accumulator Less Than 
1100001110001100 (V mode form) 
ADCilESS\16 

If the contents of the floating accuittulator are less than 0, the 
instruction loads the specified address Into the program counter. This 
address must be within the current segment. If the floating 
accumulator contents are greater than or equal to 0, execution 
continues with the next instruction. The condition codes contain the 
result of the comparison. (See Appendix A. ) Leaves the valties of LINK 
and CBIT vmchanged. BFLT works correctly only on normalized or nearly 
normalized numbers, because it checks the first 32 fraction bits only 
for equal to zero and less than zero. (See Chapter 6 in the System 
Architecture Reference Guide.) 



► BFNE address 

Branch on Floating Accumulator Not Equal to 
1100001110001011 (V mode form) 
ACDRESS\16 

If the contents of the floating accumulator are not equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the floating 
accumulator contents are equal to 0, execution continues with the next 
instruction. The condition codes contain the result of the comparison. 
(See Appendix A. ) leaves the values of LINK and CBIT unchanged. BFNE 
works correctly only on normalized or nearly normalized numbers becai^e 
it checks the first 32 fraction bits only for equal to zero and less 
than zero. (See Chapter 6 in the System Architecture Reference Guide .) 



^ BGE address 

Branch on A Greater Than or Equal to 
1100000110001101 (V mode form) 
AEI3RESS\16 

If the contents of A are greater than or equal to 0, the instruction 
loads the specified address into the program counter. This address 
TrYnc!+ "ha M-it-Trin +->io roTP-pont «e^meTit. If the A nnntfints are less than 0. 
execution continues with the next instruction. The condition codes 
contain the result of the comparison. (See Appendix A.) Leaves the 
val\aes of LINK and CBIT unchanged. This instruction has the same 
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► BGT address 

BranGli on A Greater Than 

1100000110001001 (V mode form) 
AEDRESS\16 

If the contents of A are greater than 0, the instruction loads the 
specified address into the program counter. This address must be 
vd-thin the current segment. If the A contents are less than or equal 
to 0, execution continues with the next instruction. The condition 
codes contain the result of the comparison. (See Appendix A. ) Leaves 
the values of LINK and CBIT unchanged. 



► BIX address 

Branch on Incremented X 

1100001011011100 (V mode foim) 
ADCKESSMe 

Increments the contents of X by one aM stores the result in X. If the 
incremented value is not equal to 0, loaxis the specified axidress into 
the program counter. This address must be within the current segment. 
If the incremented val\ie is equal to 0, execution continues with the 
next ix^truction. Leaves the values of CBIT, LIMK, and the condition 
codes unchanged. 



► BIY address 

Branch on Incremented Y 

1100001011010100 (V mode form) 
ADDRESSXie 

Increments the contents of Y ty one and stores the result in Y. If the 
incremented value is not equal to 0, loads the specified address into 
the program counter. This address must be within the current segment. 
If the incremented value is equal to 0, execution continues with the 
next instruction. 'Leaves the values of CBIT, LINK, ani the condition 
codes unchanged. 



► ELE axMress 

Branch on A Less Than or Equal to 
1100000110001000 (V mode form) 
ADDRESSXie 

If the contents of A are less than or equal to 0, the instruction loads 
the specified address into the program counter. This address must be 
within the current segment. If the A contents are greater than 0, 
execution continues with the next instruction. The conlLtion codes 
contain the result of the comparison. (See Appendix A. ) Leaves the 
values of LINK and CBIT unchanged. 
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^ ELBQ address 

Bretnoli on L Equal to 

1100000111000010 (V mode form) 
AECKESS\16 

If the contents of L axe equal to 0, the instruction loaxis the 
specified address into the program counter. This address must be 
within the current segment. If the L contents are not equal to 0, 
execution continues with the next instruction. The condition codes 
contain the result of the coitvpaxison. (See Appendix A. ) Leaves the 
val\ies of LINK and CBIT vmcihanged. 



► HUGE address 

Branch on L Greater Than or Equal to 
1100000110001101 (V mode form) 
AnCKESS\16 

If the contents of L are greater than or equal to 0, the instmction 
loads the specified address into the program counter. This address 
must be within the current segment. If the L contents are less than 0, 
execution continues with the next instruction. The condition codes 
contain the result of the comparison. (See Appendix A. ) Leaves the 
values of LINK and CBIT unchanged. This instruction has the same 
operation as BGB. 



► ELGT address 

Branch on L Greater Than 

1100000111000001 (V mode form) 
ADCRESSXie 

If the contents of L are greater than 0, the instruction loads the 
specified address into the program counter. This address mc^t be 
within the current segment. If the L contents are less than or equal 
to 0, execution continues with the next instruction. The condition 
codes contain the result of the compaiison. (See Appendix A.) Leaves 
the values of LINK and CBIT unchanged. 



^ HLLE address 

Branch on L Less Than or Equal to 
1100000111000000 (V mode form) 
ADCRESSXie 

If the contents of L are less than or equal to 0, the instruction loads 
the specified address into the program counter. This address must be 
within the current segment. If the L contents are greater than 0, 
ejrecution continues with the next instruction. The condition codes 
contain the result of the comparison. (See Appendix A.) Leaves the 
valijes of LINK and CBIT unchanged. 
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^ BLLT address 

Branch on L Less Than 

1100000110001100 (V mode form) 
ADCRESSMS 

If the contents of L 6u?e less than 0, the instruction loaxis the 
specified address into the program counter. This address must be 
within the current segment. If the L contents ajre greater than or 
equal to 0, execution continues with the next instruction. The 
condition codes contain the result of the comparison. (See Appendix 
A. ) leaves the values of LiINK and CBIT unchanged. This instruction 
has the same operation has BLT. 



► BLiNE address 

Branch on L Not Equal to 

1100000111000011 (V mode form) 
ADEKESSXie 

If the contents of L are not equal to 0, the instruction loads the 
specified address into the program counter. This address must te 
within the current segment. If the L contents are equal to 0, 
execution continues with the next instruction. The condition codes 
contain the result of the compaxison. (See Appendix A. ) Leaves the 
values of LINK and CBIT unchanged. 



► BUI address 

Branch on LINK Reset to 

1100001111000111 (V mode form) 
ADDRESSMS 

If LINK has the value 0, the instruction loads the specified address 
into the program counter. This address must be within the current 
segment. If LINK has the val\ie 1, execution continues with, the next 
instruction. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



► BLS address 

Branch on LINK Set to 1 

1100001111000110 (V mode fonn) 
ADCKESS\16 

If LINK has the value 1, the instruction loads the specified address 
into the program counter. This address must be within the current 
segment. If LINK has the value 0, execution continues with the next 
instruction. Leaves the values of CBIT, LINK, and the condition codes 
unchaiiged. 
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► BLT address 

Branch on A Less Than 

1100000110001100 (V mode form) 
An»ESS\16 

If the contents of A axe less than 0, the instruction loads the 
specified address into the program counter. This address must be 
within the current segment. If the A contents axe greater than or 
equal to 0, ejoecution continues with the next instruction. The 
condition codes contain the result of the comparison. (See Appendix 
A. ) Leaves the values of LINK and CBIT Tmchanged. This instruction 
has the same operation as BLLT. 



^ EMBQ address 

Branch on Magnitude Condition BQ 
1100001110000010 (V mode form) 
ADCRESS\16 

If the condition codes indicate magnitude equal to 0, the instruction 
loads the specified address into the program counter, like BCBQ. BMBQ 
is inteixied for magnitvide compaxisons after a compaxe or subtract 
instruction. This address must be within the current segment. If the 
coniition codes indicate some other condition, execution continues with 
the next instruction. Leaves the values of CBIT, LINK, and the 
coiKiition codes unchanged. 



^ BbO: address 

Branch on Magnitude Condition GE 
1100001111000110 (V mode form) 
AUKESSXie 

If LINK has the valiie 1, the instruction loads the specified addxess 
into the program counter, like BLS. BM3E is \ised to determine if the 
magnitude of the A/L register quantity was greater than or equal to the 
memory quantity after a compaxe or subtract instruction. This address 
must be within the current segment. If LINK has the value 0, execution 
continues with the next instmction. Leaves the val\ies of CBIT, LINK, 
and the condition codes unchanged. 
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^ EM3T address 

Branch on Magnitude ConHtion GT 
1100001111001000 (V mode form) 
AnCRESS\16 

If LINK is 1 and the cxjndition codes reflect not equal to 0, the 
Instruction loads the specified address into the program counter. This 
address ntust be within the current segment. If some other coalition 
exists, esoecution continues with the next instruction. Leaves the 
values of CBIT, LINK, and the coixiition codes unchanged. 



^ BMLE address 

Branch on Magnitude Condition LE 
1100001111001001 (V mode form) 
ADCRESS\16 

If LINK is or the condition codes reflect equal to 0, the instruction 
loads the specified address into the program counter. This address 
must be within the current segment. If some other condition exists, 
execution continues with the next instruction. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



► BMLT address 

Branch on Magnitude Condition LT 
1100001111000111 (V mode form) 

ADCKESS\16 

If LINK has the valiie 0, the instruction loads the specified address 
into the program counter, like Bin. BMLT is used to determine if the 
magnitude of the A/L register quantity is less than the memory quantity 
after a compare or subtract instruction. This address must be within 
the current segment. If LINK has the value 1, execution continues with 
the next instruction. Leaves the valvies of LINK, CBIT, and the 
condition codes unchanged. 



► BMNE address 

Branch on Magnitude Condition NE 
1100001110000011 (V mode form) 
ADCRESS\16 

If the condition codes indicate magnitude not equal to 0, the 
instruction loads the specified address into the program counter, like 
BGNE. BMNE is intended for magnitude comparisons after a compare or 
subtract instruction. This address must be within the current segment. 
If the condition codes reflect some other condition, execution 
contin\:ies with the next instruction. Leaves the values of CBIT, LINK, 
and the condition codes unchanged. 
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^ BNE address 

Branch on A Not Equal to 
1100000110001011 (V mode form) 

AEERESSXie 

If the contents of A are not equal to 0, the instruction loads the 
specified address into the program comiter. This address must be 
within the current segment. If the A contents axe equal to 0, 
execution continues with the next instruction. The condition codes 
contain the result of the comparison. (See Appendix A. ) leaves the 
valvies of LINK and CBIT uncshanged. 
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^ CAL 

Cleaa? A Left Byte 

1100001000101000 (S. R, V mode fonn) 

Cleaxs the left byte of A to 0. Leaves the values of CBIT, LINK, aM 
the condition codes unchanged. 



^ CALF address 

Call Fault Harxiler 

0000000111000101 (V mode form) 
AP\32 

The address pointer in this instruction is to the ECB of a fault 
routine. The instruction uses this pointer to transfer control to the 
fa-ult routine as if the transfer were a normal procedure call with no 
arguments passed. The values of CBIT, LINK, and the condition codes 
are indeterminate. See C3iapter 10 of the System Architec ture Reference 
Guide for more information. 



^ GAR 

Clear A Right Byte 

1100001000100100 (S. R, V mode form) 

Cleaxs the right tyte of A to 0. Leaves the values of CBIT, LINK, and 
the coixiition codes imchanged. 



► GAS address 

Compare A and Skip 

IXlOOlllOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

IZlOOlllOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 1 DISPLACEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. For 16-bit two's complement 
signed values only, compares the contents of the A register to the 
contents of the location specified by EA and skips as follows: 

Condition .cHrip 

Contents of A > contents of EA. No skip. 

Contents of A = contents of EA. Skip 16 bits (one halfword) . 

Contents of A < contents of EA. Skip 32 bits (two halfwoids) . 
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The value of CBIT is unGhanged. LINK contains the carry-out bit. The 
condition codes reflect the result of the operation. (See Append±x A.) 



^ CAZ 

Compare A With 

1100000010001100 (S, R, V mode form) 

Compares the contents of A with 0. Skips as follows: 

Condition Sfci-P 

Contents of A > 0. No skip. 

Contents of A = 0. S3d.p 16 bits (one halfword). 

Contents of A < 0. Skip 32 bits (two halfwords). 

The value of CBIT is unchanged. LINK contains the carry-out bit. The 
condition codes reflect the result of the operation. (See Appendix A.) 



^ CEA 

Compute Effective Address 
0000000001001001 (S, R mode form) 

Interprets the contents of A as a 16-bit indirect address in the 
current addressing mode. Calculates an effective address, EA, from the 
indirect address and loads the final address into A. leaves the values 
of CBIT, LINK, and the condition codes unchanged. 



^ CGT 

Computed GOOX) 

0000001011001100 (V mode form) 

INTEGER N\16 
BRANCH ADCRESS 1\16 

BRANCH ADCRESS (N-l)\16 

If the contents of A are greater than or equal to 1 and less than the 
specified integer N that follows the opcode, the instruction adds the 
contents of A to the contents of the program counter to form an 
address. (The program counter points to the Integer N following the 
opcode.) Loads the contents of the location specified by this address 
into the program counter. If the contents of A are not within this 
range, the instruction adds integer N to the contents of the program 
counter and stores the result in the program counter. The values of 
CBIT, LINK, and the condition codes are indeterminate. 
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Note 

Each of the branch addresses following the OGT instruction 
specifies a location within the current procedure segment. 



^ CHS 

Change Sign 

1100000000010100 (S. R, V mode form) 

Complements bit 1 of A. Leaves the valties of CBIT, LINK, aoi the 
condition codes unchanged. 



^ CLS address 

Compare L and SfcLp 

IXlOOlllOOOYll BR\2 (V mode form) 

DISPLACEMENT\16 

Calculates an effective address, EA. For 32-bit two's complement 
signed values only, compares the contents of L to the contents of the 
32-bit location specified by EA aoi skij^ as follows. 



Condition Skip 

Contents of L > contents of EA. No skip. 

Contents of L = contents of EA. Skip 16 bits (one halfWord). 

Contents of L < contents of EA. Skip 32 bits (two halfwords). 

The value of CBIT is unchanged. LINK contains the carry-out bit. The 
condition codes reflect the result of the operation. (See Appendix A.) 



^ CMA 

Complement A 

1100000100000001 (S, R, V mode form) 

Forms the one's complement of the contents of A by inverting the value 
of each bit, and stores the result in A. Leaves the values of CBIT, 
LINK, and the condition codes \mGhanged. 
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^ CRA 

Cleax A to 

1100000000100000 (S. R, V mode form) 

Clears the contents of A to 0. Leaves the values of CBIT, LIM. and 
the condition codes unchanged. 



^ CRB 

dear B to 

1100000000001101 (S, R, V mode form) 

1100000000001100 

C!lears the contents of B to 0. Leaves the values of CBIT, LINK, and 
the coniLtion codes unchanged. 

Note 

Opcode '140014 executes both a CRB and a FDBL. This is a 
conversion aid for P300 programs. This opcode should not be 
used; it is implemented for compatibility's sake only. 



^ CRE 

rn ft flT* E "to 

1100001100000100 (V mode form) 

Clears the contents of E to 0. Leaves the values of CBIT, LINK, and 
the condition codes \HiGhanged. 



^ CRL 

(Hear L to 

1100000000001000 (S, R, V mode form) 

Clears the contents of L to 0. Leaves the values of CBIT, LINK, and 
the condition codes -onchanged. 



^ CRLE 

Clear L and E to 
1100001100001000 (V mode form) 

Clears the contents of E and L to 0. Leaves the values of LINK, CBIT, 
and the condition codes unchanged. 
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^ CSA 

Copy Sign of A 

1100000011010000 (S, R, V mode form) 

Sets CBIT equal to the val\ie of bit 1 of A and clears bit 1 of A to 0. 
The value of LINK is indeterminate. Leaves the values of the condition 
csodes unchanged . 
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^ D^ address 
Double Add 

IXOllOllOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 1 DISPIACEMENTMO (S, R mode form) 

Calculates em effective address, EA. Fetches the 31-bit contents of 
the location specified ty EA and adds them to the 31-bit contents of A 
aM B. Stores the result in A and B. 

If the result is greater than or equal to 2**30, an integer exception 
occurs and the instruction loads bit 1 of A with a 1 , and bits 2 to 16 
of A and bits 2 to 16 of B with (result - (2**30)). Bit 1 of B 
contains 0. 

If the result is less than -(2**30), an integer exception occurs and 
the instruction loads bit 1 of A with a and bits 2 to 16 of A and 
bits 2 to 16 of B with the negative of (result + (2**30)). Bit 1 of B 
contains 0. 

If no integer exception occurs, CBIT is reset to 0. At the end of the 
instruction, LINK contains the carry-out bit. The condition codes 
reflect the result of the operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 aai causes an integer exception faiilt. See Chapter 10 
of the S3rstem Architecture Reference Guide for more information. 



Notes 

1. Bit 17 of each 31-bit integer must be 0. If nonzero, 
unpredictable results will occur. 

2. This instruction executes in double precision mode only. 



^ DEL 

Enter Double Precision Mode 
0000000000000111 (S, R mode form) 

Enters double precision mode by setting bit 2 of the keys to 1. 
Subsequent LDA, STA, ADD, and SUB instructions manipulate 31-bit 
Integers ani are interpreted as DID, DST, DAD, and DSB, respectively. 
Leaves the valvies of CBIT, LINK, and the condition codes unchanged. In 
V or I mode, bit 2 of the keys has no effect. 
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^ IFAD address 

Double Precision Floating Add 

IXOllOllOOOYlO BR\2 (V mode long) 
DISPLACEMENT\16 

IXOllOllOOOOlO CB\2 (R mode long) 
[ DISPIACEMENT\16 ] 

Calculates an effective add r ess, EA. Adds the double precision nvimber 
in the location specified ty EA to the 64-bit contents of the DAC. 
(See Chapter 6 of the System Architecture Reference Goide for more 
information.) Normalizes the result and loads it into the DAC. An 
overflow causes a floating-point exception. If no floating-point 
exception occurs, GBIT is reset to 0. The values of LINK and the 
condition codes are indeterminate. 

For 750 and 850 processors, esqxDnent underflow is detected, but 
exponent overflow is not. 

If a floating-point exception occurs and bit 7 of the ieys contains a 
1, the instruction sets GBIT to 1. If bit 7 contains a 0, the 
instruction sets GBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



^ DFGM 

Double Precision Floating Complement 
1100000101111100 (R, V mode form) 

Forms the two's complement of the double precision number in the DAC 
and normalizes it if neoessaiy. (See Chapter 6 of the Slystem 
Architecture Reference Guide .) Stores the result in the DAC. An 
overflow causes a floating-point exception. If no floating-point 
exception occurs, CHIT is reset to 0. The values of LINK and the 
condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the kejTS contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception favat. 
See Chapter 10 of the System Arcihitectiu?e Reference Guide for more 
information. 
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DFCS address 

Double Precision Floating Point Compare aM Skip 

IXlOOlllOOOYlO BR\2 (V mode long) 

DISPLACEMENT\16 



IXlOOlllOOOOlO CB\2 
[ DISPLACEMENT\16 ] 



(R mode long) 



Calculates an effective address, EA. Compares the DAC contents (see 
Chapter 6 of the System Architecture Reference Guide ) to the contents 
of the 64-bit location specified iy EA and skips as follows. 



Condition 
DAC contents > EA contents. 
DAC contents = EA contents. 
DAC contents < EA contents. 



Skip 
No skip. 

Skip 16 bits (one halfword) . 
Skip 32 bits (two halfwords) , 



The values of CBIT, LINK, and the condition codes are indeterminate. 
On some processors, DFCS works correctly only on normalized numbers as 
follows. The comparison has a maximum of three sequential stages: 
first the signs, then the exponents, and finally the fractions of the 
two numbers are compared for equality. If the comparison during any 
one of these stages reveals an inequality, the results are returned ajad 
the instruction ends. Unnormalized members are unexpected and produce 
unexpected results. Other processors actually perfonn a subtrax3t 
operation, resulting in a proper comparison. 



TFJJ7 address 

Double Precision Floating Point DLvide 

IXllllllOOOYlO BR\2 (V mode long) 

DISPLACEMENT\16 



IXllllllOOOOlO CB\2 
[ DISPLACEMENT\16 ] 



(R mode long) 



Calculates an effective address, EA. Divides the contents of the DAC 
by the contents of the location specified ty EA. (See Chapter 6 of the 
System Architecture Reference Guide .) Normalizes the result and stores 
the whole quotient in the DAC. An overflow or a divide ty causes a 
floating-point exception. If no floating-point exception occurs, CBIT 
is reset to 0. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 of the seys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide . 
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^ DFUD address 

Doable Preoislon Floating Point Load 
IXOOIOIIOOOYIO BR\2 (V mode long form) 
DISPLACEMENT\16 

IXOOIOIIOOOOIO CB\2 (R mode long form) 
[ DISPLAGEMENT\16 ] 

Calculates an effective add r ess, EA. Loads the 64-bit contents of the 
location specified by EA Into the DAC. (See CSiapter 6 of the System 
ArcMtecture Reference Guide .) Leaves the val\ies of LINK, CBIT, aai 
the condition codes tmchanged. 



Note 

This instruction does not normali2e the result before loading 
it into the DAC. 



► DFLX address 

Double Precision Floating Point Load Index 
lOllOlllOOOYlO BR\2 (V mode long) 
DISPLACEMENT\16 

lOllOlllOOOOlO CB\2 CR mode long) 
[ DISFLACEMENT\16 ] 

Calculates an effective address, EA. Loads the index register, X, with 
four times the 16-bit contents of the location specified by EA. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



Note 
DFIiX cannot do indexing. See Appendix B for more infontation. 



^ DFMP address 

Double Precision Floating Point Miiltiply 
IXlllOllOOOYlO BR\2 (V mode long) 
DISPLACEMENT\16 

IXlllOllOOOOlO CB\2 (R mode long) 
[ DISPIACEMENT\16 ] 

Calculates an effective address, EA. Multiplies the contents of the 
DAC ty the 64-bit contents of the location specified by EA. (See 
Chapter 6 of the System Architecture Reference Guide . ) Normalizes the 
result, if necessary, and stores it in the DAC. An overflow caiises a 
floating-point exception; if none occurs, CBIT is reset to 0. The 
values of LINK and the condition codes are indeterminate. 
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If a floating-point exception ocxjurs and bit 7 of the keys contains a 
1, the DFMP instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Qiapter 10 of the System Architecture Reference Guide for more 
information. 



^ DFSB address 

Double Precision Floating Point Subtract 
IXOlllllOOOYlO BR\2 (V mode long) 
DISPMCEMENT\16 

IXOlllllOOOOlO CB\S (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Subtracts the 64-bit contents of 
the locations specified by EA from the contents of the DAC. (See 
Chapter 6 of the System Arcihitecture Reference Guide . ) Loads the 
Insult in the DAC. An overflow causes a floating-point exception. If 
no floating-point exception occurs, CBIT is reset to 0. The valties of 
LINK aM the condition codes are indeterminate. 

For 750 and 850 processors, exponent underflow is detected, but 
exponent overflow is not. 

If a floating-point exception occurs and bit 7 of the keys conta,ins a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



► DFST address 

Double Precision Floating Point Store 
IXOIOOIIOOOYIO BR\2 (V mode long) 
DISPLACEMENT\16 

IXOIOOIIOOOOIO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Stores the contents of the DAC 
into the location specified ty EA. (See Chapter 6 of the System 
Architecture Reference Guide . ) Leaves the values of CBIT, LINK, and 
the condition codes imchanged. 



Note 

This instruction does not normalize the result before loading 
it into the specified memory location. 
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^ DIV address 
Divide 
IXllllllOOOOOO CB\2 (R mode long) 

[ DISPIACEMENT\16 ] 

I X 1 1 1 1 DISPLACEMENTMO (S mode; R mode short) 

Calculates an effective address, EA. Divides the 31-hit contents of A 
aiid B ty the 16-bit contents of the location specified by EA. Stores 
the 16-Mt quotient in A and the 16-bit remainder in B. The sign of 
the remainder equals the sign of the dividend. 

Overflow occurs when the quotient is less than -(2**15) or greater than 
(2**15)-1. An overflow or a divide ty ca\ises an integer exception. 
If no integer exception occurs, CBIT is reset to 0. This instruction 
leaves the values of LINK and the condition codes indeterminate. 

If an integer exception occurs when bit 8 of the ke37S contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes axi integer exception fault. See Qiapter 10 
of the System Architecture Reference Guide for more information. 



^ DIV address 
Divide 

IXllllllOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

I X 1 1 1 1 DISPLACEMENTMO (V mode Short) 

Calculates an effective address, EA. Divides the contents of L by the 
16-bit contents of the location specified ty EA. St03?es the 16-bit 
quotient in A and the 16-bit remainder in B. The sign of the remainder 
equals the sign of the divideixi. 

When the quotient is less than -(2**15) or greater than (2**15)-1, an 
overflow occurs, catising an integer exception. A divide by also 
causes an integer exception. If no integer exception occurs, CBIT is 
reset to 0. This instruction leaves the values of LINK ani the 
condition codes indeterminate. 

If the Integer exception occurs when bit 8 of the kesTS is 0, the 
Instruction sets CBIT to 1. If bit 8 is 1, the instruction sets CBIT 
to 1 and causes an integer exception fault. See Qiapter 10 of the 
System Architecture Reference Guide for more information. 
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► DLD address 
Double Load 

IXOOIOIIOOOOOO CB\2 (R mode long) 
[ DISFLACEMENT\16 ] 

I X 1 DISPLACEMENTMO (S mode; R mode Short) 

Calculates an effective address, EA. Loads the 16-bit contents of the 
location specified ty EA into A, aiid the 16-bit contents of the 
location specified by EA+1 into B. Leaves the values of CBIT, LINK, 
and the condition codes unchanged. 



Note 
This instruction executes only in double precision mode. 



Double RouM From Quad 
0100000011000000 CV mode form) 

Converts the valvie in QAC to a double precision floating-point number. 
If QAC contains 0, the instruction ends. If bits 50 to 96 of QAC are 
not 0, or bit 48 of QAC contains 1, the instruction adds the value of 
bit 49 to that of bit 48 (imbiased round) and clears bits 49 to 96 of 
QAC to 0. If any other condition exists, no unbiased rounding occurs 
but bits 49 to 96 of QAC are still cleared to 0. After any rounding 
aai clearing occurs, the instruction normalizes the result and loads it 
into bits 1 to 64 of QAC. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of LIM and the condition codes axe indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception faxilt. 
See Chapter 10 of the System Architect\3re Reference Guide for more 
information. 



Note 

If ERN is used for any earlier sj^em listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide . ) 
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^ EKNM 

Double Roimd From Quad Towards Negative Infinity 
1100000101111001 (V mode form) 

Converts the value in QAC to a double precision floating-point number. 
If QAC contains 0, the instruction ends. If bits 49 to 96 of QAC 
contain zeros, the instruction ends. In any other case, the 
instruction clears bits 49 to 96 to 0, normalizes the result, and 
places it in bits 1 to 64 of QAC. 

The value of CBIT is unchanged. Ttie values of LINK aai the coiiiLtion 
codes are indeterminate. 



Note 

If LKNM is tised for any earlier system listed in "About This 
Book", an unimplemented Instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide.) 



^ DRNP 

Double Round From Quad Towards Positive Infinity 
0100000011000001 (V mode form) 

Converts the value in QAC to a double precision floating-point number. 
If QAC contains 0, the instruction ends. If bits 49 to 96 of QAC 
contain zeros, the instruction ends. In any other case, the 
instruction adds 1 to the value contained in bit 48 of QAC, clears bits 
49 to 96 to 0, the instruction normalizes the result atxi places it in 
bits 1 to 64 of QAC. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of LINK and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Gu ide for more 
information. ~ 



Note 

If JSm> is used for any earlier sjTStem listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide . ) 
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^ nwz 

Double RouM From CJueui Towards Zero 
0100000011000010 (V mode form) 

Converts the value in QAC to a double precision floating-point number. 
If QAC contains 0, the instruction ends. If bits 49 to 96 of (JAC 
contain zeros and bit 1 contains 1, the instruction adds 1 to the value 
contained in bit 48 of QAC, clears bits 49 to 96 to 0, normalizes the 
result and places it in bits 1 to 64 of QAC. If any other condition 
exists, no rounding occurs. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of t.twk and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System ArcMtecture Reference Guide for more 
information. 



Note 

If niNZ is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



Decrement and Replace X 
1100000010001000 (S, R, V mode form) 

Decrements the contents of X by 1 and stores the result in X. Skips 
the next memory location if the decremented value is 0. leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



^ DSB address 
Double Subtract 

IXOlllllOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 1 1 DISPLACEMENTMO (S mode; R mode short) 

Calculates an effective address, EA. Fetches the 31-bit integer 
contained in the locations specified by EA and EA+1 and subtracts it 
from the 31-bit integer contained in A and B. Stores the result in A 
gtnd B. 
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If the result is greater than or equal to 2**30, an integer exception 
ocjcurs and the DSB instruction loads bit 1 of A with 1 , and bits 2 to 
16 of A and 2 to 16 of B with the absolute value of (result - (2**30)). 
Bit 1 of B must be 0. 

If the result is less than -(2**30), an integer exception occurs and 
the instruction loads bit 1 of A with a 0, and bits 2 to 16 of A aai 
bits 2 to 16 of B with the negative of (result + (2**30)). Bit 1 of B 
must be 0. 

If no integer exception occurs, CBIT is reset to 0. At the end of the 
Instruction, LINK contains the borrow bit. The condition codes reflect 
the result of the operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



Notes 

1. Bit 17 of each 31-bit integer ntust be or Indeterminate 
results occur. 

2. This instruction executes in double precision mode only. 

3. To negate a 31-bit integer, subtract it from 0. 



^ DST address 
Double Store 

IXOIOOIIOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 DISPIACEMENTMO (S mode; R mode short) 

Calculates an effective address, EA. Stores the contents of A at the 
location specified ty EA, and the contents of B at the location 
specified by EA+l. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Note 
This instruction executes only in double precision mode. 
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^ DVL address 
Divide Long 

IXllllllOOOYll BR\2 (V mode long) 
DISPI^iCEMENT\16 

CalGTiLates an effective address, EA. Divides the 64-bit contents of L 
aM E ty the 32-bit contents of the location specified by EA. Stores 
the quotient in L aixi the remaiixier in E. An overflow or divide ty 
causes an integer exception. If no integer exception occurs, CBIT is 
reset to 0. The values of LINK and the condition codes are 
indeterminate . 

If an integer exception occurs and bit 8 of the keys contains 0, the 
Instruction sets CBIT to 1. If bit 8 contains a 1, the Instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Arcihltecture Reference Guide for more information. 



Note 

This note applies only to the 150/250, 450/550/250-11, I450-II, 
and 2250 processors. When the value '040000 '000000 '000000 
'000000 is divided by '100000 '000000, the quotient overflows 
the hardware (and sets the CBIT to 1) in the early stage of the 
algorithm even though the final result is not in overflow 
('100000 '000000). 
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► E16S 

Enter 16S Mode 

0000000000001001 (S, R, V mode form) 

Sets bits 4 to 6 of the keys to 000. Subsequent S mode instructions 
may now be interpreted, and 16S address calculations may be iised to 
form effective addresses. Leaves the values of CBIT, LINK, and the 
condition codes unGhanged. 



^ E32I 

Enter 321 Mode 

0000001000001000 (S, R, V mode form) 

Sets bits 4 to 6 of the keys to 100. Subsequent I mode instructions 
may now be interpreted, and 321 address calculations may be \ised to 
form effective addresses. Leaves the values of CBIT, LINK, aM the 
condition codes unchanged. 



^ E32R 

Enter 32R Mode 

0000001000001011 (S, R, V mode form) 

Sets bits 4 to 6 of the keys to Oil. Subsequent R mode instructions 
may now be interpreted, and 32R address calculations may be used to 
form effective addresses. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



► E32S 

Enter 32S Mode 

0000000000001011 (S, R, V mode form) 

Sets bits 4 to 6 of the keys to 001. Subsequent S mode instructions 
may now be interpreted, and 32S address calculations may be used to 
form effective a ddr esses. Leaves the values of CBIT, LINK, aixi the 
condition codes unchanged. 



^ E64R 

Enter 64R Mode 

0000001000001001 (S, R, V mode form) 

Sets bits 4 to 6 of the keys to 010. Subsequent R mode instructions 
may now be interpreted, and 64R address calculations may be used to 
form effective add r esses. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 
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^ B64V 

Enter 64V Mode 

0000000000001000 (S, R, V mode form) 

Sets bits 4 to 6 of the keys to 110. Subsequent V mode instructions 
may now be interpreted, aai 64V address calculations may be used to 
form effective axidresses. Leaves the values of CBIT, LINK, and the 
condition codes vinchanged. 



► EAA address 

Effective Address to A 

IXOOOlllOOOOOl CB\2 (R mode form) 
DISPLACEMENT\16 

Calculates an effective address, EA, and loads it into A. leaves the 
values of CBIT, KENK, and the coniition codes unchanged. 



^ EAFA far, address 

Effective Address to FAR 

000000101100 FAR (V mode form) 
AP\32 

Builds a 36-bit EA from the 32-bit address pointer contained In the 
instruction and loads it Into the specified FAR. The AP bit field is 
processed and loaded into the bit portion of the FAR for direct access; 
indirection vises the bit field in the indirect pointer (if any) . 
Leaves the values of CBIT, LINK, and the condition codes unciianged. 

Figure 2-3 shows the format of the EA loaded into the specified FAR. 



1 16 17 32 33 36 
RING, SBG I WCED * I BIT * I 



EA Format for EAFA 
Figure 2-3 



^ EAL address 

Effective Address to L 

IXOOOlllOOOYOl BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates an effective address, EA, and loads it into L. Leaves the 
val\ies of CBIT, LINK, and the condition codes unchanged. 
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^ EALB address 

Effective Address to LB 

IXlOllllOOOYlO BR\2 (V mode form) 
DISPIACEMENT\16 

Calculates em effective address, EA, aM loads it into LB. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



^ EAXB address 

Effective Address to XB 

IXIOIOIIOOOYIO BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates an effective address, EA, ani loads it into XB. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



^ EIO address 
Execute I/O 

lOllOOllOOOYOl BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates an effective address, EA. Eicecutes bits 17 to 32 of EA as 
if the bits were an extended PIO instruction. If execution is 
successful, the instruction sets the coniLtion codes as follows: 

PC Meaning 

BQ Successful INA, OTA, or SKS instruction 

NE Unsuccessful INA, OTA, or SKS; all OOP 



Leaves the values of LINK and CBIT unchanged. See Chapter 11 of the 
System Architecture Reference Guide for more information. 



Note 



This is a restricted instruction. 



^ ENB 

Enable Interrupts 

0000000100000001 (S, R, V mode form) 

Enables Interrupts by setting bit 1 of the modals to 1. Interrupts 
remain inhibited for the next Instruction. Leaves the values of CBIT, 
LINK, and the condition codes unchanged. 
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Note 



ENB is a restricted instruction. 



^ ENBL 

EnaJDle Interrupts (Local) 
0000000100000001 (S, R, V mode form) 

This 850 instruction performs the same actions as ENB except that it is 
performed specifically for the local processor. Leaves the val-ues of 
CBIT, LINK, and the condition codes unchanged. 



Note 



ENBL is a restricted instruction. 



^ ENEM 

EnaJDle Interrupts (Mutual) 
0000000100000000 (S, R, V mode form) 

For the 850, a processor checks the availability of the mutual 
exclusion lock. If available, the processor releases this lock and 
enaJDles interrupts. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Note 



This is a restricted instruction. 



► ENBP 

EngLble Interrupts (Process) 
0000000100000010 (S, R, V mode form) 

For the 650, a processor checks the availability of the process 
exchange lock. If available, the processor releases this lock and 
enables interrupts. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Note 



This is a restricted instruction. 
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^ ERA ajddress 

Exclusive CR to A 

IXOlOlllOOOYOO BR\2 (V mode long) 

DISPLACEMENT\16 

IXOlOlllOOOOOO CB\2 (R mocJe long) 
[ DISPLACEMENT\16 ] 

I X 1 1 DISPLACEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. Exclusively ORs the contents of 
the location specified by EA and the contents of A. Stores the insults 
in A. Leaves the values of CBIT, LINK, and the condition codes 
uncshsuiged. 



^ ERL address 

Exclusive Or to L 

IXOlOlllOOOYll BR\2 (V mode long) 

DISPLACEMENT\16 

Calculates an effective address, EA. Exclusively ORs the contents of L 
with the contents of the 32-bit location specified ty EA. Stores the 
results in L. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 
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^ FAD address 

Floating Point Md 

IXOllOllOOOYOl BR\2 (V mode long) 

DISPLACEMENT\16 

IXOllOllOOOOOl CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Adds the contents of the location 
specified by EA to the contents of the FAC. (See Chapter 6 of the 
System Architecture Reference Guide . ) Stores the result in the FAC and 
normalizes it if necessary. An overflow causes a floating-point 
exception. If no floating-point exception occurs, CBIT is reset to 0. 
The values of LINK and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System ArGhitectuxe Reference Guide for more 
information. 



^ FGDQ 

Floating Point Convert Double to Quad 
1100000101111001 (V mode form) 

Clears FACl to 0. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Note 

If PCDQ is T:ised for any eaxlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



► FCM 

Floating Point Complement 
1100000101011000 (R, V mode form) 

Forms the two's complement of the FAC mantissa and normalizes the 
result if necessary. (See Chapter 6 of the System Architecture 
Reference Guide .) Stores the result in the FAC. An overflow ca\ises a 
floating-point exception. If no floating-point exception occurs, CBIT 
is reset to 0. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Arcaiitectirre Reference Guide . 
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► PCS address 

Floating Point C!ompaj?e aM Skip 
IXlOOlllOOOYOl BR\2 
DISPLACEMENT\16 



(V mode long) 



IXlOOlllOOOOO 
[ DISPLACEMENT\16 ] 



1 CB\2 (R mode long) 



Calculates an effective address, EA. In rounding mode, the instruction 
rounds the contents of DAC, then compares the rounded value to the 
contents of the memory location specified hy EA. In normal mode, no 
rounding occurs before the compare. (See Chapter 6 of the Sy^stem 
Arcaiitecture Reference Guide for more information.) The compare 
results in a skip as follows: 



Condition 
FAC contents > EA contents. 
FAC contents = EA contents. 
FAC contents < EA contents. 



Skip 
No skip. 

Skip 16 bits (one halfword). 
Skip 32 bits (two halfwords) 



The values of OBIT, LINK, and the condition codes are indeterminate. 

On some processors, FCS works correctly only on normalized numbers as 
follows. The comparison has a maximum of three sequential stages: 
first the signs, then the exponents, aai finally the fractions of the 
two numbers are compared for equality. If the comparison during any 
one of these stages reveals an inequality, the results are returned aoi 
the instruction ends. Unnormalized nuitibers are xmexpected aoi produce 
unexpected results. Other processors actually perform a subtract, 
resulting in a proper comparison. 



^ FDBL 

Floating Point Convert Single to Double 
1100000000001110 (V mode form) 

Converts the single precision floating-point number in the floating 
accumulator to a double precision floating-point nuiriber by loading 
zeros into bits 33 to 48 of the floating accuimalator . Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 
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^ FDV address 

Floating Point Divide 
IXllllllOOOYOl BR\2 (V mode long) 

DISPLACEMENT\16 

IXllllllOOOOOl CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Cal(3ulates an effective address, EA. Divides the contents of the FAC 
by the contents of the location specified hy EA. (See Qiapter 6 of the 
System ArGhiteotm-e Reference Guide .) Normalizes the result if 
necessary and stores it in the FAC. A divide by or an overflow 
causes a floating-point exception. If no floating-point exception 
occurs, CBIT is reset to 0. The valiies of LINK and the condition codes 
are indeteimnate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point esroeption fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



Note 

The location specified by EA must contain a normalized 
floating-point number. An unnormalized divisor can cause an 
error . 



^ FLO address 

Floating Point Load 

IXOOlOllOOOYOl BR\2 (V mode long) 

DISPLACEMENT\16 

IXOOlOllOOOOOl CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates a 32-bit effective address, EA. Loads the 32-bit contents 
in the location specified by EA into the FAC without normalizing. (See 
Chapter 6 of the System Architecture Reference Guide . ) leaves the 
values of LINK, CBIT, and the condition codes unchanged. 



► FliOT 

Convert Integer to Floating Point 
1100000101101000 (R mode form) 

Converts the 31-bit integer contained in A and B to a normalized 
floating-point number and stores the result in the floating 
accuinulator. The val-ues of CBIT, LINK, and the condition codes axe 
indeterminate. 
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P- FLTA 

Convert Integer to Floating Point 
1100000101011010 (V mode form) 

Converts the 16-Mt ijiteger iji A to a floating-point number and stores 
the result in the floating axxTiraulator. The values of CBIT, LINK and 
the condition codes are indeterminate. 



► FLTL 

Convert Long Integer to Floating Point 
1100000101011101 (V mode form) 

Converts the 32-bit integer in L to a floatojig-point number and stores 
the result in the floating accuirailator. The values of CBIT LINK aod 
the condition codes are ijodeterminate. 



^ FLX address 

Floating Load Index 

lOllOlllOOOYOl BR\2 (V mode long) 
DISPIACEMENT\16 

lOllOlllOOOOOl CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Loads the index register X with 
two tunes the 16-hit contents of the location specified by EA. ' Leaves 
the values of CBIT, LINK, and the condition codes unchanged 



Note 
FLX cannot do indexing. See Appendix B for more information. 



► FMP address 

Floating Point Multiply 

IXlllOllOOOYOl BR\2 (V mode long) 
DISPLACEMENT\16 

IXlllOllOOOOOl CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective axiiress, EA. Multiplies the contents of the 
FAC by the contents of the location specified by EA. (See Chapter 6 of 
■the System Architecture Reference Guide . ) Normalizes the result if 
necessary and stores it in the FAC. An overflow causes a 
floatang-point exception. If no floatijig-point exception occurs. CBIT 
is reset to 0. The values of LINK and the condition codes are 
indeterminate . 
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If a floating-point exception occurs and Mt 7 of the keys contains a 
1, the FMP instruction sets CBIT to 1. If bit 7 contains a 0, the 
instraction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 



information. 



^ FRN 

Floating Point Round 
1100000101011100 (R, V mode form) 

This instruction operates on and stores all results in the floating 
accuntulator. 

For the 2350 to the 9955 II, the following actions occur. If bits 1 to 
48 contain 0, then bits 49 to 64 axe cleared to 0. If bits 24 and 25 
both contain 1, then 1 is added to bit 24, bits 25 to 48 are cleared to 

0, aai the result is normalized. If bit 25 contains 1 and bits 26 to 
48 are not equal to 0. then 1 is added to bit 24, bits 25 to 48 are 
cleared, and the result is normalized. 

For the earlier systems listed in "About This Book" , the following 
actions occur. If bits 1 to 48 contain 0, then bits 49 to 64 are 
cleared to 0. Otherwise, bit 25 is added to bit 24, bits 25 to 4S are 
cleared to 0, aM the result is normalized. 

For all S37stems, if no floating point exception occurs, sets CBIT to 0. 
The values of LINK aai the coirfltion codes are indetermiriate. 

If a floating point exception occurs and bit 7 of the keys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



^ FRNM 

Floating Point Round Towards Negative Infinity 
0100000011010000 (V mode form) 

Converts the 64-bit value in DAC to a single precision floating-point 
number. If DAC contains 0, the instruction ends. If bits 25 to 48 of 
DAC contain zeros, the instruction ends. In any other case, the 
instruction clears bits 25 to 48 to 0, normalizes the result, and 
places it in DAC. If no floating-point exception occurs, the 
instruction resets CBIT to 0. The values of LINK and the condition 
codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the iJistruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
(See Chapter 10 of the System ArcM.tecture Referenoe Guide . ) 
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► FRNP 

Floating Point Round Towards Positive Infinity 
0100000011000011 (V mode form) 

Converts the 64-bit value in DAG to a single precision floating-point 
number. If DAG contains 0. the instruction ends. If bits 25 to 48 of 
EAC contain zeros, the instruction ends. In any other case the 
instruction adds 1 to the value contained in bit 34 of DAG. clears bits 
25 to 48 to 0, normalizes the result, aM places it in DAG. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of LINK and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 

1, the instruction sets OBIT to 1. if bit 7 contains a the 
instruction sets CBIT to 1 and causes a floating-point exception f^ult. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



► FRNZ 

Floating Point Round Towards Zero 
0100000011010001 (V mode form) 

Converts the 64-bit value in DAG to a single precision floating-point 
number. If DAC contains 0, the instruction ends. If bits 25 to 48 of 
DAC are not zeros and bit 1 contains 1, the instruction adds 1 to the 
value contained in bit 24 of DAC, clears bits 25 to 48 to zero 
normalizes the result, and places it in DAC. If any other condition 
exists, no rounding occurs. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of LINK and the conlLtion codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architectu re Reference Guide for more 
information. ~ 
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^ FSB address 

Floating Point Subtract 

IXOlllllOOOYOl BR\2 (V mode long) 
DISPLACEMENT\16 

IXOlllllOOOOOl CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Subtracts the 32-bit contents of 
the locations specified hy EA from the contents of the FAC. (See 
Chapter 6 of the System Architecture Reference Guide . ) Normalizes the 
result if necessary and stores it in the FAC. An overflow causes a 
floating-point exception. If no floating-point exception occurs, GBIT 
is reset to 0. The values of LINK and the condition codes axe 
Indeterminate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1 the FSB instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 

information. 



^ FSGT 

Floating Point Skip on F Greater Than 
1100000101001101 (R, V mode form) 

Skips the next l6-bit halfword if the contents of the floating 
accumulator are greater than 0. Leaves the value of LINK and CBIT 
unchanged. The values of the condition codes are indeterminate. FSGT 
vorks correctly only on normalized or nearly normalized numbers, 
because it checks the first 32 fraction bits only for equal to zero and 
less than zero. (See Chapter 6 in the System Architecture Reference 
Guide.) 



^ FSLE 

Floating Point Skip on F Less Than or Equal to 
1100000101001100 (R, V mode form) 

Skips the next 16-bit halfword if the contents of the floating 
accumulator are less than or equal to 0. Leaves the values of LINK and 
CBIT unchanged. The values of the condition codes are indeterminate. 
FSLE works correctly only on normalized or nearly normalized numbers, 
because it checks the first 32 fraction bits only for equal to zero and 
less than zero. (See Chapter 6 in the System Architecture Reference 
Guide.) 
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^ FSMI 

Floating Point Skip on F Minus 
1100000101001010 (R, V mode form) 

Skips the next 16-bit halfword if the contents of the floating 
aocumulator are less than 0. Leaves the valiies of LINK emd CBIT 
unchanged. The values of the condition codes etre indeterminate. FSMI 
works correctly only on normalized or nearly normalized numbers, 
because it checks the first 32 fraction bits only for equal to zero and 
less than zero. (See Chapter 6 in the System Architecture Reference 
Guide.) 



► FSNZ 

Floating Point Skip on F Not 
1100000101001001 (R, V mode form) 

Skips the next 16-bit halfword if the contents of the floating 
axxMmulator are less than or equal to 0. Ijeaves the values of LINK and 
CBIT unchanged. The values of the condition codes are indeterminate. 
FSNZ works correctly only on normalized or nearly normalized numbers, 
because it checks the first 32 fraction bits only for equal to zero aod 
less than zero. (See Chapter 6 in the Svstem Arcihitectiu:^ Reference 
Guide.) 



^ FSPL 

Floating Point Skip on FAC Plus 
1100000101001011 (R, V mode form) 

Skips the next 16-bit halfword if the contents of the floating 
accumulator are greater than or equal to 0. Leaves the valties of LINK 
and CBIT unchanged. The values of the condition codes are 
indeterminate. FSPL works correctly only on normalized or nearly 
normalized numbers, because it checks the first 32 fraction bits only 
for equal to zero and less than zero. (See Chapter 6 in the System 
Arohitect\3re Reference Guide.) 



► FST address 

Floating Point Store 

IXOlOOllOOOYOl BR\2 (V mode long) 

DISPLACEMENT\16 

IXOlOOllOOOOOl CB\2 (R mode long) 

[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Stores the contents of the FAC 
into the 32-bit location specified by EA. (See Chapter 6 of the System 
Architecture Reference Guide .) If the exponent contained in the FAC is 
too large to be expressed ±n 8 bits, a floatijig-point exception (store 
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exoeption) occurs. If no floating-point exception occurs, the 
instruction resets CBIT to 0. At tbe end of the instruction, the 
values of LINK and the condition codes axe indeterminate. 

If a floating-point exoeption occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exoeption fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
infonmation. In either case, a floating-point exception leaves the 
contents of the memory location in an indeterminate state. 

This instruction does not normalize the result before loading it into 
the specified memory location unless roimding is enabled. 



^ FSZE 

Floating Point Skip on F Equal to 
1100000101001000 (R, V mode form) 

Skips the next 16-bit halfword if the contents of the floating 
accuimiLator equal 0. Leaves the values of LINK and CBIT unchanged. 
The values of the condition codes are indeterminate. FSZE works 
correctly only on normalized or nearly normalized n-umbers, because it 
checks the first 32 fraction bits only for equal to zero and less than 
zero. (See Chapter 6 in the System Architecture Reference Guide .) 
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HUT 

HeuLt 

0000000000000000 



(S, R, V mode form) 



Halts computer operation. The program counter points to the 
instruction that would have been executed if execution had not been 
stopped. The supervisor terminal ajixiicates a halt. Leaves the values 
of CBIT, LINK, and the condition codes unchanged. 

This instruction saves the contents of registers in a memory location 
specified ty the RSAVPTR. The contents of RSAVPTR can be accessed by 
an LCOl/STUl instruction with address '40037. The registers are saved 
in their physical order. (See Qiapter 9 of the System Architecture 
Reference Guide for the format of these register files.) The saved 
register file order is shown in Table 2-3. 



Table 2-3 
Order of Saved Registers after HLT 



1 6350, 


1 2350 to 2755, 


1 9750 to 9955 II 


1 9650 a,Tid 9655 


1 User Reg Set 3 


1 User Reg Set 1 


1 User Reg Set 4 


1 User Reg Set 2 


1 User Reg Set 1 


1 User Reg Set 3 


1 User Reg Set 2 


1 User Reg Set 4 


1 Microcode Reg File, 


1 User Reg Set 5 


1 Set 2 


1 User Reg Set 6 


1 Indirect Reg Set 


1 User Reg Set 7 


1 Microcode Reg File, 


1 User Reg Set 8 


1 Set 1 


1 EMx Reg File 


1 EMx Reg File 


1 Microcode Reg File, 


1 


1 Set 1 


1 


1 Microcode Reg File, 


1 


1 Set 2 



Earlier Ss^stems* 



User Reg Set 2 
User Reg Set l 
EMx Reg File 
Microcode Reg File 



The earlier systems are listed in "About This Book". Of these, 
the 850 has two ISPs. For each ISP, the order of saved registers 
is identical to the order shown for the rest of the 50 Series. 

Note 

This is a restricted instruction. 
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^ TAB 

Interchajige A aM B 

0000000010000001 (S, R, V mode form) 

Interchanges the contents of A and B. Leaves the values of LINK, CHIT, 
and the condition codes unchanged. 



^ ICA 

Interchange Bytes of A Register 
1100001011100000 (S, R, V mode form) 

Interchanges the bytes of A. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



^ ICL 

Interchange Bjrtes and Cleax Left 
1100001001100000 (S, R, V mode form) 



Interchanges the bytes of A, then clears the left byte to 0. 
the values of CBIT, LINK, and the condition codes unchanged. 



Leaves 



^ ICR 

Interchange Bytes and Cleax Right 
1100001010100000 (S, R, V mode form) 

Interchanges the bytes of A, then clears the right byte to 0. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



► ILE 

Interchange L and E 

1100001100001100 (S, R, V mode form) 

Interchanges the values of E and L. Leaves the values of CBIT, LINK, 
and the condition codes \anGhanged. 
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► IMA address 

Interchange Memory and A 

IXlOllllOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

IXlOllllOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 1 1 DISPLACEMENTMO (S mode; R, V mode Short) 

Calculates an effective address, EA. Interchanges the contents of A 
and the contents of the location specified by EA. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



Note 

The IMA instruction is nonatomic, and, especially for 
dual-stream processors, cannot be used for spin-locks. In 
these cases, \ise the STAC instruction instead. 



► INA function, device 
Input to A 

10 110 FaNCTICN\4 DEVICEXe 
Valid for modes S, R 

Loads data from the specified device into A. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. See Chapter 11 of the 
System Architecture Reference Guide for more information. 



Note 



This is a restricted instruction. 



► INBC address 

Interrupt Notify Beginning, Clear Active Interrupt 
0000001010001111 (V mode form) 
AP\32 

Notifies a semaphore at the specified address during phantom interrupt 
code. Restores the state of the interrupted process by loading bits 1 
to 16 of PB, bits 17 to 32 of the program counter, and the keys from 
microcode temporary registers PSWPB and PSWKEYS. Places the notified 
process at the beginning of the appropriate priority level queue. 
Issues a CAI pulse to clear the currently active interrupt, and enables 
interrupts. The values of CBIT, LINK, and the condition codes are 
indeteimnate . A process exchange will occur if the notified process 
is of a higher priority than the interrupted process. See Chapter 9 of 
the System Architecture Reference Guide for more information. 
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Note 



INBC is a restricted instruction. 



This instruction is normally iised to transfer from phantom 
interiTupt code to an interrupt process. See Chapter 10 of the 
SystCTi Ardiitecture Reference Guide for more information. 



^ INBN address 

Interrupt Notify Beginning 

0000001010001101 (V mode form) 
AP\32 

Notifies a semaphore at the specified address during phantom interrupt 
code. Restores the state of the interrupted process ty loading bits 1 
to 16 of PB, bits 17 to 32 of the program counter, and the kejTS from 
microcode temporary registers PSWPB and PSWKEYS. Places the notified 
process at the beginning of the appropriate priority level queue, and 
enables interrupts. Does not issue a GAI pulse to clear the currently 
active interrupt. The values of CBIT, LINK, and the condition codes 
are indeterminate. A process exchange will occur if the notified 
process is of a higher priority than the interrupted process. See 
Qiapter 9 of the System Architecture Reference Guide for more 
information. 



Note 

This is a restricted instruction. 

This instruction is normally used to transfer from phantom 
interrupt code to an interrupt process. See Chapter 10 of the 
System Architecture Reference Guide for more information. 



^ INEC address 

Interrupt Notify End, Clear Active Interrupt 
0000001010001110 (V mode form) 
AP\32 

Notifies a semaphore at the specified address during phantom interrupt 
code. Restores the state of the interrupted process by loading bits 1 
to 16 of PB, bits 17 to 32 of the program counter, and the keys from 
microcode temporary registers PSWPB and PSWKEYS. Places the notified 
process at the end of the appropriate priority level queue. Issues a 
CAI pulse to clear the currently active interrupt, and enables 
interrupts. The values of CBIT, LINK, aM the condition codes are 
indeterminate. A process exchange will occur if the notified process 
is of a higher priority than the interrupted process. See Chapter 9 of 
the System Architecture Reference Guide for more information. 
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Note 



INEC is a restricted instruction. 



This instruction is normally used to transfer from phantom 
interrupt code to an interrupt process. See C3iapter 10 of the 
System Architectvire Reference Guide for more information. 



► INEN address 

Interrupt Notify End 

0000001010001100 (V mode form) 
AP\32 

Notifies a semaphore at the specified address during pihantom interrupt 
code. Restores the state of the interrupted process ty loading bits 1 
to 16 of PB, bits 17 to 32 of the program counter, and the keys from 
microcode temporary registers PSWPB and PSWKEYS. Places the notified 
process at the end of the appropriate priority level queue, and enables 
interrupts. Does not issue a GAI pulse to clear the currently active 
interrupt. The values of CBIT, LINK, and the condition codes are 
indeterminate. A process exchange will occur if the notified process 
is of a higher priority than the interrupted process. See Chapter 9 of 
the System Architecture Reference Guide for more information. 



Note 

This is a restricted instruction. 

This instruction is normally used to transfer from phantom 
interrupt code to an interrupt process. See Chapter 10 of the 
System Architecture Reference Guide for more information. 



^ INH 

Inhibit Interrupts 

0000001000000001 (S. R, V mode form) 

Inhibits interrupts by setting bit 1 of the modals to 0. Inhibits 
interrupts until an enable interrupts instmction executes. The 
processor ignores any interrupt requests that are made over the I/O 
bus. This instruction tatoes effect immediately. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



Note 



This is a restricted instruction. 



2-59 Second Edition 



TNfymurrriON sets guide 



^ mmL 

Inhibit Interrupts (Looal) 
0000001000000001 (S, R, V mode form) 

This 850 instruction performs the same actions as INH does. Leaves the 
values of CBIT, LINK.aai the condition codes unchanged. 



Note 



This is a restricted instruction. 



► INHM 

Inhibit Interrupts (Mutual) 
0000001000000000 (S, R, V mode form) 

For the 850, a processor checks the availaJDility of the mutual 
exclusion lock. If available , the processor sets this lock and 
Inhibits interrupts. Otherwise, it waits for the lock to be released 
by the other processor and then sets the lock and inhibits interrupts. 
Leaves the values of CBIT, LINK, and the condition codes xmchanged. 



Note 



This is a restricted instruction. 



^ INHP 

Inhibit Interrupts (Process) 
0000001000000010 (S. R, V mode form) 

For the 850, a processor checks the availability of the process 
exchange lock. If available, the processor sets it and inhibits 
interrupts. Otherwise, it waits for the lock to be released by the 
other processor and then sets the lock and inhibits interrupts. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



Note 



This is a restricted instruction. 
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^ UK 

Input Ke3^ 

0000000000100011 (S, R mode fonn) 

Loads the contents of the S emd R mode keys into A. Reads the 
low-order 8 bits of the floating exponent (address trap location 6) 
register along with the high-order 8 bits of the keys register. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



► INT 

Convert Floating Point to Integer 
1100000101101100 (S. R mode form) 

Converts the double precision floating-point number contained in the 
floating accumulator to a 31-bit integer and stores the result in A and 
bits 2 to 16 of B. Bit 1 of B (bit 17 of the result) is forced to 0. 
Ignores the fractional portion of the floating-point number. Overflow 
occurs if the value in the floating accumulator is less than -2**30 or 
greater than (2**30)-l. If overflow occurs, a floating-point exception 
occurs. If no floating-point exception occurs, CBIT is reset to 0. 
The values of LINK and the condition codes axe indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



^ INTA 

Convert Floating Point to Integer 
1100000101011001 (V mode form) 

Converts the doiible precision number contained in the floating 
accumulator to a 16-bit integer and stores the result in A. Ignores 
the fractional portion of the floating-point nuniber. For example, -4.5 
is converted to -4 and -Hi. 5 is converted to 44. Overflow occurs if the 
value in the floating accumulator is less than -2**15 or greater than 
(2**15)-1. If overflow occurs, a floating-point exception occurs. If 
no floating-point exception occurs, CBIT is reset to 0. 

At the end of this instruction, the B register contents are 
indeterminate. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 of the ke3?s contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception faiilt. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 
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^ lOTL 

Convert Floating Point to Long Integer 
1100000101011011 (V mode form) 

Converts the double precision floating-point ntunber contained in the 
floating accumulator to a 32-bit integer and stores the result in L. 
Ignores the fractional portion of the floating-point number contained 
in the floating accumulator. For exajonple, ^.5 is converted to -4 aM 
+4.5 is converted to 44. Overflow occurs if the floating-point number 
is less than -2**31 or greater than (2**31)-1. If overflow occurs, a 
floating-point exception occurs. If no floating-point exception 
occurs, CBIT is reset to 0. The values of LINK and the condition codes 
are indeterminate. 

If a floating-point exception occurs and. bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and. causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



► IRS address 

Increment and Replace Memory 

IXIOIOIIOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

IXIOIOIIOOOOOO CB\2 (R mode long) 
[ DISPLAGEMENT\16 ] 

I X 1 1 DISPLACEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. Fetches the contents of the 
location specified by EA, adds 1 (a 16-bit increment), and stores the 
result back in the location specified by EA. Skips the next location 
if the incremented value is 0. Leaves the values of CBIT, LINK, and 
the condition codes \mdhanged. 



► IRTC 

Interrupt Return, Clear Active Interrupt 
0000000110000011 (V mode form) 

Returns from an interrupt. Restores the state existing before the 
interrupt by loading bits 1 to 16 of FB, bits 17 to 32 of the program 
counter, and the keys from the values saved in microcode temporaj?y 
registers PSWPB and PSWKEYS. Issues a CAI pulse to clear the currently 
active interrupt, and. enables interrupts. 



Note 
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^ mm 

Interrupt Retiim 
0000000110000001 (V mode form) 

Returns from an interrupt. Restores the state existing before the 
interrupt ijy loading bits 1 to 16 of PB, bits 17 to 32 of the program 
counter, and the ke37S from the values saved in microcode temporary 
registers PSWPB and PSWKEYS, and enables interrupts. Does not issue a 
CAI pulse to clear the currently active interrupt. 



Note 



This is a restricted instruction. 



► IRX 

Increment and Replace X 
1100000001001100 (S, R, V mode form) 

Increments the contents of X by 1 aM stores the result in X. Skips 
the next 16-hit halfword if the incremented value is 0. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



► ITLB 

Invalidate STLB Entry 
0000000110001101 (V mode form) 

Invalidates the STLB entry that corresponds to the virtual address 
contained in L. The values of CBIT, LINK, and the condition codes are 
indeterminate. You must execute this instruction whenever you change 
the page table entry for the given address. 

If you change an SO? or ETAR (explained in Chapter 4 of the System 
Architecture Reference Guide ) , you usually have to invalidate the 
entire STLB by issuing the instruction PTLB. A in the segment number 
portion of L invalidates the lOTLB entry corresponiing to the address 
specified by L. 



Note 



This is a restricted instruction. 
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^ JDX address 

Jmnp and. Decrement X 

lOllOlllOOOOlO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calc3ulates an effective address, EA. Subtracts 1 from the contents of 
the index register, X. If the decremented value does not equal 0, the 
instruction loads EA into the program coiinter. If the decremented 
value is equal to 0, execution continues with the next sequential 
instruction. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



Note 

This instruction cannot do indexing. See Appendix B for more 
information. 



^ JIX address 

Increment X and Jump if Not Equal to 
lOllOlllOOOOll CB\2 CR mode form) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Adds 1 to the contents of the 
index register, X. If the incremented value does not equal 0, the 
instruction loads EA rnto the program counter. If the incremented 
value is equal to 0, execution continues with the next sequential 
instruction. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



Note 



This instruction cannot do indexing. 



► (JMP address 
JuDvp 

IXOOOlllOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

IXOOOlllOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 DISPLAGEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. Loads EA in.to the program 
counter. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 
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^ JSr address 
Jump and Store 

IXIOOOIIOOOYOO BR\2 (V mode long) 
DISPIACEMENTXie 

IXIOOOIIOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 DISPLACEMEMTMO (S mode; R, V mode short) 

Calculates aa effective address, EA. Stores the contents of the 
program counter in the location specified by EA. Execution continues 
at the location EA+1. 

The JST instruction truncates the return address according to the 
addressing mode before storing it. The high-order bits of the memory 
location are not affected by the store. This allows you to preset the 
I or X bits in some modes as follows: 



Mode Allowed Presets 



16S 


I, X 




32S, 32R 


I 




64R, 64V 


none 


Note 



JST cannot be used in shared code. In Ring 0, JST inhibits 
interrupts during execution of the next instruction. 

This instruction may call only those subroutines residing in 
the same procedure segment as the instruction, because only the 
offset nvutiber field of the program counter is saved. 



► JSX address 

Jump and Save in X 

IlllOlllOOOYll BR\2 (V mode long) 

DISPIACEMENTXie 

IlllOlllOOOOll CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Increments the contents of the 
program counter ty 1 and loads the result into X. Loaxis EA into the 
program counter. For the 750 and 850, if the value of CB is 2 or 3, 
then the next 16 bits are skipped. Leaves the values of CBIT, LINK, 
and the condition codes unchanged. 
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Note 

JSX oaimot do iixiGxlng. See Appendix B for more information. 

Ttiis instruction may call only those subroutines residing in 
the same procediare segment as the instruction, because only the 
offset number field of the program counter is saved. 



^ JSXB eiddress 

Jump exid Save in XB 

IXllOOllOOOYlO BR\2 (V mode long) 

DISPLACEMENT\16 

IXllOOllOOOOlO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Loads the contents of the program 
counter into XB. Loads EA into the program counter. Leaves the values 
of CBIT, LINK, and the condition codes imchanged. 



Note 

This instruction can make subroutine calls outside the current 
segment as well as within. 



^ JSY address 

Jump ajnd Save in Y 

IXllOOllOOOYOO BR\2 (V mode long) 

DISPLACEMENT\16 

I X 1 1 DISPLACEMENT\16 (V mode Short) 

Calculates an effective address, EA. Loaxis Y with the location number 
of the program coimter. Loads EA into the program counter. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



Note 

This instruction may call only those subroutines residing in 
the same procedvire segment as the instruction, because only the 
offset number field of the program counter is saved. 



Second Edition 2-66 



S, R, AND V M3CE 



^ LCEQ 

Load. A on Condition Code EQ 
1100001101000011 (V mode form) 

If the condition codes reflect an equal to condition, the instruction 
loads A with a 1. If the condition codes reflect a not equal 
condition, the instruction loads A with a 0. Leaves the valiies of 
CBIT, LINK, and the condition codes unchanged. 



^ ICGE 

Load. A on Condition Code GE 
1100001101000100 (V mode form) 

If the condition codes reflect a greater than or equal to condition, 
the instruction loads A with a 1. If the condition codes reflect a 
less than condition, the instruction loads A with a 0. Leaves the 
values of CBIT, LINK, and the condition codes tmchanged. 



^ LOGT 

Load. A on Condition Code GT 
1100001101000101 (V mode form) 

If the condition codes reflect a greater than condition, the 
instruction loads with a 1. If the condition codes reflect a less than 
or equal to condition, the instruction loads A with a 0. Leaves the 
values of CBIT, LINK, aM the condition codes unchanged. 



^ LCLE 

Load. A on Condition Code LE 
1100001101000001 (V mode form) 

If the condition codes reflect a less than or equal to condition, the 
instruction loads A with a 1. If the condition codes reflect a greater 
than condition, the instruction loads A with a 0. Leaves the values of 
CBIT, LINK, and. the condition codes uncihanged. 



^ LCLT 

Load. A on Condition Code LT 
1100001101000000 (V mode form) 

If the condition codes reflect a less than condition, the instruction 
loads A with a 1. If the condition codes reflect a greater than or 
equal to condition, the instruction loads A with a 0. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 
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Load A on Condition Code HE 
1100001101000010 (V mode form) 

If the condition cxxies reflect a not equal condition, the instruction 
loads A with a 1. If the condition codes reflect an equal condition, 
the instruction loads A with a 0. Leaves the values of GBIT, LINK, aixi 
the condition codes unchanged. 



^ LDA ad±ress 
Load A 
IXOOlOl lOOOYOO BR\2 (V mode long) 

DISPLACEMENT\16 

IXOOIOIIOOOOOO CB\2 (R mode long) 
[ DISPLACEaffiNT\16 ] 

I X 1 DISPLACEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. Loads the contents of the 
location specified by EA into A. Leaves the values of CBIT, LINK, and 
the condition codes unchanged. 



^ LDC fir 

Load Character 
OOOOOOIOIIOOFLROIO (V mode form) 

If the contents of the specified FLR axe nonzero, the instruction 
fetches the single character pointed to hy the appropriate FAR and 
loads it into bits 9 to 16 of A. When the FAR's bit field contains 0, 
it specifies the left tyte (bits 1 to 8) of the 16-bit addressed 
quantity; when the bit field contains 8, the right byte (bits 9 to 16) 
is specified. This instruction loads zeros into bits 1 to 8 of A. 
Updates the contents of the appropriate FAR by 8 so that they point to 
the next character. Decrements the contents of the specified FIR ty 1. 
Sets the condition codes to NE. 

If the contents of the specified FLR axe 0, the instruction sets the 
condition codes to BQ. 

The instruction leaves the values of CBIT and LINK tmchanged. 

Note 

This instruction uses FARO when FLRO is specified, and FARl 
when FLRl is specified. 
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► LDL address 
Load Long 

IXOOlOllOOOYll BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates a long (32-bit) effective address, EA. Loads the 32-bit 
contents of the location specified by EA into L. Leaves the values of 
CBIT, LINK, aM the condition codes unchanged. 



► LDLR address 

Load L From Addressed Register 
IXOlOlllOOOYOl BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates a 32-bit (1-word) effective address, EA. Loads L with the 
contents of the register file location specified by the offset portion 
of EA. Bit 2 and bit 12 of the offset portion of EA determine the 
actions of this instruction: 



Bit 2 Bit 12 Action 

1* Ignore bit 1 and bits 3 to 9. The offset 

portion of EA specifies an absolute register 
number from to '377. 

0* 1 Bits 13 to 16 of the offset portion of EA 

specify one of the registers '20 to '37 in the 
current register set. 

Bits 13 to 16 of the offset portion of EA 

specify one of the registers to '17 in the 
current register set. 

*This is a restricted instruction. 



Leaves the values of CBIT and LINK unchanged; the values of the 
condition codes are indeterminate. See Chapter 9 of the Ss^tem 
Architecture Reference Guide for more information on register sets. 
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LDX address 
Load X 

IlllOlllOOOYOO BR\2 
DISP!LACEMENT\16 

IlllOlllOOOOOO CB\2 
[ DISPLAGEMENT\16 ] 



(V mode long) 
(R mode long) 



I 1 1 1 1 DISPLACEMENTMO (S, R, V mode Short form) 

Calculates an effective address, EA. Loads X, the index register, with 

the contents of the location specified by EA. Leaves the values of 

CBIT, LINK, and the condition codes unchanged. For 750 and 850 

processors in R mode only, if CB contains 2 or 3, the first 16 bits of 
the niffict instruction will he skipped. 



Note 

LDX cannot specify indexing, though an address calculated in 
the Indirect chain may do so in 16S mode. See Appendix B for 
more information. 



^ LDY address 
Load y 

IlllOlllOOOYOl BR\2 
DISPALCEMENT\16 



(V mode form) 



Calculates an effective address, EA. Loads Y with the contents of the 
location specified ty EA. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



LDY cannot do 



Note 



See Appendix B for more information. 



^ LEQ 

Load A on A Equal to 
110000010000 



10 11 (S, R, V mode form) 



If the contents of A are equal to 0, the instruction loads A with a 1. 
If the contents of A are not equal to 0, the instruction loads A with a 
0. Leaves the values of LINK and CBIT unchanged. The condition codes 
reflect the result of the comparison. (See Appendix A.) 
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► LF 

Load False 

1100000100001110 (S, R. V mode form) 

Loads A with a 0. Leaves the values of LINK and CSIT imcihanged. The 
valiies of the condition codes aa?e indeterminate. 



^ LFEQ 

Load A on F Equal to 
1100001001001011 (V mode form) 

If the contents of the floating accumulator are equal to 0, the 
instruction loads A with a 1. If the F contents are not equal to 0, 
the instruction loads A with a 0. Leaves the values of LINK and CBIT 
unchanged. The condition codes reflect the resiilt of the comparison. 
(See Appendix A.) LFBQ works correctly only on normalized or nearly 
normalized numbers, because it checks the first 32 fraction bits only 
for equal to zero aM less than zero. (See Chapter 6 in the System 
Architecture Reference Gtoide.) 



^ LPGE 

Load A on Floating Accumulator Greater Than or Equal to 
1100001001001100 (V mode form) 

If the contents of the floating accumulator are greater than or equal 
to 0, the instruction loads A with a 1. If the F contents are less 
than 0, the instruction loads A with a 0. Leaves the valioes of LINK 
and CBIT unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A. ) LPGE works correctly only on normalized 
or nearly normalized niunbers, beca\ase it checks the first 32 fraction 
bits only for equal to zero and less than zero. (See Chapter 6 in the 
System Architecture Reference Guide .) 



► LPGT 

Load A on Floating Accumulator Greater Than 
1100001001001101 (V mode form) 

If the contents of the floating accumulator are greater than 0, the 
instruction loads A with a 1. If the F contents are less than or equal 
to 0, the instruction loads A with a 0. Leaves the values of LINK aM 
CBIT unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A.) LPGT works correctly only on normalized 
or nearly normalized numbers, because it checks the first 32 fraction 
bits only for equal to zero aixi less than zero. (See Chapter 6 in the 
System ArcMtecture Reference Guide.) 
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^ LFLE 

Load. A on Floating Accumulator Less Than or Equal to 
1100001001001001 (V mode form) 

If the contents of the floating axDCuraulator are less than or equal to 
0, the instruction loads A with a 1. If the F contents axe greater 
than 0, the instruction loads A with a 0. Leaves the values of LINK 
and CBIT -unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A.) LFIE works correctly only on normalized 
or nearly normalized n\airbers, because it checks the first 32 fraction 
bits only for equal to zero and less than zero. (See Chapter 6 in the 
System Architectirre Referen ce Guide .) 



^ LFLI fir, data 

Load FLR Bnmediate 

OOOOOOlOllOOFLROll (V mode form) 
INTBGER\16 

Loads the 16-bit, unsigned integer contained In bits 17 to 32 (the 
second halfword) of the instruction into the specified FIR. Clears the 
upper bits of the FLR. Leaves the values of CBIT, LINK, the condition 
codes, and the associated FAR unchanged. 



^ LFLT 

Load A on Floating Accumulator Less Than 
1100001001001000 (V mode form) 

If the contents of the floating accuitiulator are less than 0, the 
instruction loads A with a 1. If the F contents are greater than or 
equal to 0, the instruction loads A with a 0. Leaves the values of 
T.TNK and CBIT unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A. ) LFLT works correctly only on normalized 
or nearly normalized numbers, because it checks the first 32 fraction 
bits only for equal to zero and less than zero. (See Chapter 6 in the 
system Architecture Reference Guide .) 



^ LFNE 

Load A on Floating Accumulator Not Equal to 
1100001001001010 (V mode form) 

If the contents of the floating accumulator are not equal to 0, the 
instruction loads A with a 1. If the F contents are equal to 0, the 
instruction loads A with a 0. Leaves the values of LINK and CBIT 
imchanged. The condition codes reflect the result of the comparison. 
(See Appendix A. ) LFNE works correctly only on normalized or nearly 
normalized numbers, because it checks the first 32 fraction bits only 
for equal to zero and less than zero. (See Chapter 6 in the System 
ArcJiitecture Reference Guide . ) 
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► LGE 

Load A on Greater Than or Equal to 
1100000100001100 (S, R, V mode form) 

If the contents of A axe greater than or equal to 0, the instruction 
loads A with a 1. If the contents of A are less than 0, the 
instruction loads A v/ith a 0. Leaves the values of LINK aai CBIT 
unchanged. The condition codes reflect the result of the coinparison. 
(See Appendix A.) This instruction has the same opcode as HOE. 



Load A on Greater Than 
1100000100001101 (S, R, V mode form) 

If the A contents are greater than 0, the instruction loads A with 1. 
If the A contents are less than or equal to 0, the instruction loads A 
with 0. Leaves the values of LINK and CBIT unchanged. The condition 
codes reflect the result of the comparison. (See Appendix A. ) 



► LIOT address 
Load lOTLB 

0000000000100100 (V mode form) 
AP\32 

Loads a specified lOTLB entry. The following list shows the contents 
of the LIOT entry and the origin of the information. 

Origin Description 

AP In LIOT Virtual address in I/O segment (calculated from EA). 

Page table Physical address (translation of virtual address) 
obtained from I/O segment. If the fault bit is set 
to 1, a page fault occurs. 

L register Target virtual address containing the segment number 
and page number to be used ty procedures accessing 
this information. This is used to help invalidate 
the proper locations in the cache. The segment 
number and low-order 10 bits (offset number in the 
page) are ignored. 



The values of CBIT, LINK, and the condition codes are indeterminate. 

Note 
LIOT is a restricted instruction. 
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^ LLB 

Load on A Less Than or Equal to 
1100000100001001 (S, R, V mode form) 

If th6 contents of A are less than or equal to 0, the instruction loads 
A with 1. If the A contents aj?e greater than 0, the instruction loads 
A with 0. Leaves the values of LINK aM CBIT unchanged. The condition 
codes contain the result of the comparison. (See Appendix A.) 



^ LLBQ 

Load A on L Equal to 
1100001101001011 (V mode form) 

If the contaits of L are equal to 0, the instruction loads A with a 1. 
If the contents of L are not equal to 0, the instruction loads A with a 
0. Leaves the values of LINK aM CBIT tmchanged. Tbe condition codes 
contain the result of the compaxison. (See Appendix A.) 



^ LLGE 

Load A on L Greater Than or Equal to 
1100000100001100 (V mode form) 

If the contents of L axe greater than or equal to 0, the instmction 
loads A with a 1. If the contents of L are less than 0, the 
instruction loads A with a 0. Leaves the values of LINK and CBIT 
\mGhanged. The condition codes contain the result of the comparison. 
(See Appendix A.) This instruction has the same op code as LSE. 



^ IliGT 

Load A on L Greater Than 
1100001101001101 (V mode form) 

If the L contents are greater than 0, the instruction loads A with 1. 
If the L contents are less than or equal to 0, the instruction loads A 
with 0. Leaves the values of LINK and CBIT unchanged. The condition 
codes contain the result of the comparison. (See Appendix A.) 
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Long Left Logical 

1 1 N\6 (S, R, V imxie form) 

Shifts the contents of A and B to the left, bringing zeros into bit 16 
of B. Shifts bits out of bit 1 of B into bit 16 of A. CBIT ani LINK 
contain the value of last bit shifted out of A; the values of all 
other bits shifted out of A are lost. Leaves the values of the 
condition codes -unchanged. 

N contains the two's complement of the nimiber of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



^ T.T.T.K 

Load A on L Less Than or Equal to 
1100001101001001 (V mode form) 

If the contents of L axe less than or equal to 0, the instruction loads 
A with 1, If the L contents axe greater than 0, the instruction loads 
A with 0. Leaves the values of LINK and CBIT unchanged. The condition 
codes contain the result of the comparison. (See Appendix A.) 



► UXT 

Load A on L Less Than 
1100000100001000 (V mode form) 

If the contents of L axe less than 0, the instruction loads A with 1. 
If the L contents axe greater than or equal to 0, the instruction loads 
A with 0. Leaves the values of LINK and CBIT unchanged. The condition 
codes contain the result of the compaxison. (See Appendix A. ) This 
instruction has the same operation as LLT. 



^ LLNE 

Load A on L Not Equal to 
1100001101001010 (V mode form) 

If the contents of L axe not equal to 0, the instruction loads A with a 
1. If the contents of L axe equal to 0, the instruction loads A with a 
0. Leaves the values of LINK and CBIT unchanged. The condition codes 
contain the result of the compaxison. (See Appendix A.) 
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Long Left Rotate 

1 1 1 N\6 (S, R, V mocJe form) 

Shifts the contents of A aal B left, rotating bit 1 of A into bit 16 of 
B. Bit 1 of B shifts into bit 16 of A. CBIT and LINK contain a copy 
of the last bit rotated into bit 16 of B. Leaves the values of the 
condition codes imchanged. 

N contaijis the two's complement of the number of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



► LLS n 

Long Left Shift 

0100001001 N\6 (V mode form) 

Shifts the 32-bit integer in L left arithmetically, bringing zeros into 
bit 32. Bits shifted out of bit 1 are lost. If bit 1 changes state, 
it is interpreted as an overflow ajnd causes an integer exception. If 
no integer exception occurs, CBIT is reset to 0. The values of LINK 
and the condition codes axe indeterminate. 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System ArchitectiuTe Reference Guide for more information. 



^ LLS n 

Long Left Shift 

1 1 1 N\6 (S, R mode form) 

Shifts the 31~bit integer contained in A and B left arithmetically, 
bringing zeros into bit 16 of B. Bit 1 of B does not take part in the 
shift; bit 2 of B is shifted into bit 16 of A. Bits shifted out of 
bit 1 of A are lost. If bit 1 of A changes state, it is interpreted as 
an overflow and causes an integer exception. If no integer exception 
occurs, CBIT is reset to 0. The values of LINK and the condition codes 
are indeterminate. 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the iostruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 
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^ LLT 

Load on A Less Tlian 
1100000100001000 (S, R, V mode form) 

If the contents of A are less them 0, the instruction loads A with 1, 
If the A contents are greater than or equal to 0, the instruction loads 
A with 0. Leaves the values of LINK and CBIT unchanged. The condition 
codes contain the result of the comparison. (See AppendLx A.) This 
instruction has the same operation as LLLT. 



^ LNE 

Load on A Not Equal to 
1100000100001010 (S, R, V mode form) 

If the contents of A are not equal to 0, the instruction loads A with a 
1. If the contents of A are equal to 0, the instruction loads A with a 
0. Leaves the values of LINK and CBIT unchanged. The condition codes 
contain the result of the comparison. (See Appendix A. ) 



► LPID 

Load Process ID 
0000000110001111 (V mode form) 

loads the process ID from bits 1 to 10 of A into RPID (the process ID 

register). This contains the 10 most significant bits of the iiser's 

address space. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 

The RPID data is used to update the process ID field of an STLB entiy 
as required. This RPID data is later used during subsequent memory 
accesses to verify that STLB data is still valid (STLB hit) or not 
(STLB miss). This register is for internal machine operation, aM 
should not normally be modified by the user. 



Note 



This is a restricted instruction. 



► LPSW address 
Load PSW 

0000000111001001 (V mode form) 
AP\32 

Qianges the status of the processor by loading new values into the 
program counter, keys, and modals. Inhibits interrupts for one 
instruction. 
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Addresses a 64-bit (4-halfword) block at the specified location. The 
block has the following. 

Offset in Block Contents 

1 to 2 New program counter (ring, segnent, offset 
numbers) 

3 New kes^ 

4 New modals 



LPSW loads the program counter and. kejTS of the currently running 
process with the contents of the first three offsets (bits 1 to 48), 
then loads the processor modals with the contents of the fourth offset 
(bits 49 to 64). 

The new value of bit 15 in the kes^s, the inniLspatGh bit, can 
temporarily halt execution of the current process. This bit is altered 
by software only during a cold or warm start. If bit 15 is 0, the 
currently executing process will continue to execute, but at a location 
defined by the new valtie of the program counter. If bit 15 is 1, the 
processor enters the dispatcher and dispatches the ready process with 
the highest priority. When esoecution resumes for the process that was 
temporarily halted, note that execution resumes at the point defined by 
the value of the new program counter. 

Regardless of the value of bit 15, the new value of the modals takes 
effect ijmmediately, since the modals are associated with the processor, 
not the process. 

This instruction loads the 64 bits (four halfwords) of the register set 
that the SHR instruction cannot correctly load. STUl does not update 
the separate hardware registers the processor uses to maintain 
duplicate information for optimization. 

Never use this instruction to change bits 9 to 11 of the modals. These 
bits specify the current user register set. This means that if you do 
not know the current value of these bits, you must do the following 
each time you want to execute an LPSW. 

1. Inhibit interrupts. 

2. Read, the cur3?ent values of modal bits 9 to 11 (use LDUl). 

3. Mask the old values of the modal bits into the new information. 

4. Load, thje new information into the models with an LPSW. 

For the two common uses of LPSW, you do not have to perform this 
sequence, since the valiies of modal bits 9 to 11 are predictable. When 
■"'ou use LPSW after a Master Clear to turn on ■nrocessor e^Ghange mode, 
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bits 9 to 11 axe 010 beca\ise the processor is always initialized to 
register set 2. When you use LPSW to return from a fault, cihecjk, or 
interrupt , simply reload the values stored by the break because these 
values are still correct. 

Also note that you should not use LPSW to set bits 16 (the save done 
bit) or 15 (the in-dispatcher bit) of the keys, unless you are merely 
loading status following a favilt, check, or interrupt. When issuing 
LPSW after a Master Clear, make sure you load zeros into both of these 
bits. 



Note 

LPSW is a restricted instruction. This instruction inhibits 
interrupts during execution of the next instruction. 



► IBL n 

Long Right Logical 

1 N\6 (S, R, V mode form) 

Shifts the contents of A and B right, bringing zeros into bit 1 of A. 
Shifts bit 16 of A into bit 1 of B. CHIT and LINK contain the value of 
the last bit shifted out of B; the values of all other bits shifted 
out of B are lost. Leaves the values of the condition codes unchanged. 

N contains the two's complement of the number of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



► IBR n 

Long Right Rotate 

1 1 N\6 (S, R, V mode form) 

Shifts the contents of A and B right, rotating bit 16 of B into bit 1 
of A. Shifts bit 16 of A into bit 1 of B. CBIT and LINK contain a 
copy of the last bit rotated from B to A. Leaves the values of the 
condition codes unchanged. 

N contains the two's complement of the number of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



^ I£S n 

Long Right Shift 

0100000001 N\6 (V mode form) 

Shifts the 32-bit integer contained in L right axithmetically. Shifts 
copies of bit 1, the sign bit, into each of the vacated bits. CBIT and 
LINK contain the value of the last bit shifted out of L; the values of 



2-79 Secoixi Edition 



XnOXKUOXXVJIH OTiXO utuxuo 



all other bits shifted out axe lost. Leaves the values of the 
csondition oodes unchanged. 

N contains the two's compleinsnt of the nuiriber of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



^ I£S n 

Long Right Shift 

0100000001 N\6 (S, R mode form) 

Shifts right arithmetically the 31-bit integer contained in A and B, 
leaving bit 1 of A unaffected. Bit 1 of B does not tatoe part in the 
shift; bit 16 Of A is shifted into bit 2 of B. Shifts copies of bit 1 
of A into each of the vacated bits. OBIT and LINK contain the value of 
the last bit shifted out of B; the values of all other bits shifted 
out of B are lost. Leaves the values of the condition codes unchanged. 

N contains the two's complement of the number of shifts to perform. If 
N contains 0, the instruction performs 64 shifts. 



^ LT 

Load True 

1100000100001111 (S. R, V mode form) 

Loads A with a 1. Leaves the values of LINK and CHIT unchanged. The 
values of the condition codes are indeterminate. 
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► MPL address 
Miiltiply Long 

IXlllOllOOOYll BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates an effective address, EA. Multiplies the 32-bit integer in 
L fcy the 32-bit integer in the location specified by EA. Stores the 
64-bit result in L and E. The 150/250, 450/550/250-11, I450-II and 
2250 processors leave the CBIT and LIMK unchanged. The other 50 Series 
processors reset the CBIT to and leave the value of LINK 
xndetermijiate. For all 50 Series processors, the con±Ltion codes are 
unchanged. MPL cannot cause overflow or generate an integer exception. 



^ MPY address 
Multiply 

IXlllOllOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

I X 1 1 1 DISPLAGEMENTMO (V mode short) 

Calculates an effective address, EA. Multiplies the 16-bit integer in 
A by the 16-bit integer in the location specified ty EA. Stores the 
32-bit result in A and B. Resets the CBIT to 0. The value of LIM is 
indfitenninate. leaves the values of the condition codes unchanged. 

Note 
This instruction cannot cause overflow. 



► MPY address 
Multiply 

IXlllOllOOOOOO CB\2 (R mode long) 
[ DISPLAGEMENT\16 ] 

I X 1 1 1 DISPLAGEMENTMO (S mode; R mode short) 

Calculates an effective address, EA. Multiplies the 16-bit integer in 
A by the 16-bit integer in the location specified by EA. Loads the 
31-bit result in A and B. If the multiplier and multiplicand are both 
-C2**15), an integer exception occurs. If no integer exception occurs, 
CBIT IS reset to 0. The value of LINK is indeterminate. For the 2350 
to 9955 II, the condition codes are unchanged. For the earlier 
processors listed in "About This Book" , the values of the condition 
codes reflect the result of the operation. (See Appendix A. ) 

If an integer exception occurs and bit 8 of the keys contains the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instnlction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
0^ *he System Architecture Reference Guide for more information. 
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^ NFYB address 

Notify to Beginning 
0000001010001001 (V mode form) 

AP\32 

Notifies the semaphore at the address specified by the address pointer 
in the instruction. Uses LIPO (last in, first out) cjtieueing. Does not 
clear the currently active interrupt. The values of GBIT, LINK, and 
the condition codes are Indeterminate. See Chapter 9 of the System 
Architecture Reference Guide for more information. 



Note 



This is a restricted instruction. 



^ NFYE address 
Notify to End 
0000001010001000 (V mode form) 

AP\32 

Notifies the semaphore at the address specified by the address pointer 
in the instruction. Uses FIFO (first in, first out) queueing. Does 
not clear the currently active interrupt. The values of CBIT, LINK, 
and the condition codes are iBaetenninate. See Chapter 9 of the System 
Architecture Reference Guide for more information. 



Note 



This is a restricted instruction. 



► NOP 

No Operation 

0000000000000001 (S, R, V mode form) 

Does nothing. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 
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^ OCP funotion.devioe 
Output Control Pulse 
110 FUNCnQN\4 DEVICEXe (S, R mode form) 

Sends a control pulse to perfonn the specified function to the 
^ecified device. This instruction never skips. Leaves the values of 
^IT, LINK, and the condition codes unchanged. See Chapter 11 of the 
System ArcMtecture Reference Guide for more information. 

Note 
This is a restricted instruction. 



► ORA address 
Inclusive OR 

IXOOllllOOOYlO BR\2 (V mode form) 
DISPLACEMEM"\16 

Calculates an effective address, EA. Logically ORs the contents of the 
location specified ty EA and the contents of A and stores the result in 
A. leaves the values of OBIT, LINK, and the coMition codes unchanged 



► OTA function, device 
Output From A 
11110 FUNCTIQN\4 EEVICE\6 (S, R mode form) 

Transfers data from A to the specified device. Leaves the values of 
GBIT, LINK, and the condition codes unchanged. See Chapter 11 of the 
System Architecture Reference Guide for more information. 



Note 



This is a restricted instruction. 



^ OTK 

Output Ke37S 

0000000100000101 (S, R mode form) 

Stores the contents of A in the keys. Loads CBIT, um, and the 
condition codes as a result of the operation. Loads the low-oixier 8 
bits of the floating exponent (address trap location 6) register with 
the low-order 8 bits of A. If this instruction is executed in Ring 
It inhibits interrupt during execution of the next instruction. 
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^ PCL address 
Prcx)edure Call 
IXIOOOIIOOOYIO BR\2 (V mode form) 

DISFLACEMENT\16 

Sets CBIT, um. and the condtion codes to the values oontalned in the 
BGB. See' Chapter 8 of the System Architecture Reference Guide for a. 
complete description of this instruction. 

Note 

V?hen arguments axe to be transferred to the called procedure, 
this instruction uses X and Y, destroyiJig the previous contents 
of these registers. XB is updated if an AP has the S bit = 0. 
The contents of X, Y, and XB remain unchanged if no arguments 
are transferred. The contents of the condition codes, CBIT, 
and LINK are not correctly saved in the ECB along with the rest 
of the caller's keys. 



► PID 

Position for Integer Divide 
0000000010001001 (S, R mode form) 

Moves the contents of bits 2 to 16 of A into bits 2 to 16 of B. Clears 
bit 1 of register B to and extends the sign contained in bit 1 of A 
into bits 2 to 16 of A. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



^ PIDA 

Position for Integer Divide 
0000000001001101 (V mode form) 

Moves the contents of bits 1 to 16 of A into bits 17 to 32 of L. 
Extends the sign contained In bit 1 of A into bits 2 to 16 of A. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 



^ PHIL 

Position for Integer Divide Long 
0000000011000101 (V mode form) 

Moves the contents of L into E and extends the sign contained in bit 1 
of L into bits 2 to 32 of L. Leaves the values of CBIT, LINK, and the 
coiviition codes unchanged. 
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^ PIM 

Position After Multiply 
0000000010000101 (S, R mode form) 

Moves hits 2 to 16 of B into bits 2 to 16 of A. This converts a 31-bit 
integer to a 16-bit integer. Leaves the values of CBIT, UNK, aoi the 
condition codes undhaoged. Overflow does not cause aa integer 
exception. ^ 



^ PIMA 

Position After Multiply 
0000000000001101 (V mode form) 

Moves bits 17 to 32 of L into bits 1 to 16 of A. This converts a 
32-bit integer to a 16-bit integer. An integer exception occurs if 
there is an overflow. (This occurs if bits 1 to 17 of L contain a 
value other than all zeros or all ones before the move.) If no integer 
exception occurs, (BIT is reset to 0. The values of LINK and the 
condition codes are indeterminate. 

If an integer exception occurs and bit 8 of the keys contains the 
instruction sets CBIT to 1. If bit 8 contains a 1. the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Arcdiitecture Reference Guide for more information. 



Note 

To position bits 17 to 32 of L in A, PIMA can modify all 32 
bits of L. Since A and B overlap L, this swap means that the 
contents of B are indeterminate at the end of this instruction. 



► PIML 

Position After Integer Multiply Long 
0000000011000001 (V mode form) 

Moves the contents of bits 1 to 32 of E into bits 1 to 32 of L. This 
converts a 64-bit integer to a 32-bit integer. An overflow causes an 
integer exception. If no integer exception occurs, CBIT is reset to 0. 
The values of LINK and the condition codes axe indeterminate. 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 
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^ FRTN 

Prooedure Return 
0000000110001001 (V mode form) 

Deallocates the steuok frame created for the executijig procedure and 
ret\ims to the environment of the procedin« that called it. 

To deallocate the frame, the instruction stores the current value of 
the stajcfe base register iJito the free pointer. It then restores the 
caller's state by loading the caller's program counter, stack base 
register, linkage base register, and keys with the values contained in 
the frame being deallocated. Sets bits 15 to 16 of the keys to 0. 

Loads the ring number in the program counter with the current ring 
number to allow outward returns but prevent inward returns. 



^ PTLB 

Purge TIB 

0000000000110100 (V mode form) 

L contains the address of a physical page, right justified. Based on 
the value of L bit 1 , PTLB purges either the first 128 locations or a 
single location. If L bit 1 contains a 1, the instruction perforne a 
coittplete purge. If L bit 1 contains a 0, the instruction purges the 
page specified by L. Leaves the values of CBIT, LINK, and the 
condition codes indeterminate. See Qiapters 1, 4, and 11 of the System 
Architectua?e Reference Guide for more information about the STLB and 
IOHB. 



Note 
This is a restricted instruction. 

On the 750, 850, and 2350 to 9955 II, insert a CRE (Clear E) 
instruction before PTLB. Since PTLB uses E as a pointer, the 
CRE zeros E before PTLB manipulates it. If an interrupt occurs 
dtiring PTLB's execution, E points to the location PTLB is 
currently purging. PTLB leaves the contents of E in an 
undefined state at the end of its execution. 
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► QFAD eiddress 

Quad. Precision Floating AM 

IXOlOlllOOOYlO BR\2 (V mode long) 
DISPLACEMENT\16 
0000000000000010 

Calculates an effective address, EA. Adds the 112-bit, quad precision 
number contained in the locations specified ty EA to the contents of 
QAC. (See Qiapter 6 of the System Architecture Reference Guide .) 
Normalizes the result and loads it into QAC. An overflow or underflow 
causes a floating-point exception. If no floating-point exception 
occurs, the instruction resets CBIT to 0. The values of LINK aM the 
condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fa\at. 
See Chapter 10 of the Sjystem Architecture Reference G uide for more 
information. ~ ' — 



Note 

If QFAD is used for any earlier system listed in "About This 
Book", an ummplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide.) 



^ QFCM 

Quad Precision Floating Complement 
1100000101111000 (V mode form) 

Forms the two's complement of the value contained in QAC and normalizes 
it if necessary. (See Chapter 6 of the System Arcaiiteoture Reference 
Guide.) Stores the result in QAC. An underflow or overflow causes a 
floating-point exception. If no floating-point exception occurs 
resets CBIT to 0. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Gu ide for more 
information. ~~~ 



Note 

If QFCM is used for any earlier system listed in "About This 
Book", an umjnplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architectirre Reference Guide.) 
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^ QFCS address 

Quad Precision Floating Point Compare and Skip 
IXOlOlllOOOYlO ER\2 (V mode long) 
DISPIACEMENT\16 
0000000000000110 

Caaculates an effective address, EA. Compares the contents of QAC (see 
Chapter 6 of the System ArGbitecture Reference Guide ) to the 112-bit 
contents of the location specified by EA and skips as shown below. 

Condition Skip 

QAC > EA contents. No skip. 

QAC = EA contents. Skip 16 bits (one halfword). 

QAC < EA contents. Skip 32 bits (two halfwords). 

The val-ues of GBIT, LINK, and the condition codes are indeterminate. 
On some processors, QFCS works correctly only on normalized nuinbers as 
follows. The comparison has a maxirmim of three sequential stages: 
first the signs, then the exponents, and finally the fractions of the 
two numbers are compared for equality. If the comparison during any 
one of these stages reveals an inequality, the results are returned and 
the instruction ends. Unnormalized numbers are unexpected and produce 
unexpected results. Other processors actually perform a subtract, 
resulting in a proper coitvpaxison. 

Note 

If QFCS is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide . ) 



^ QFDV address 

Quad Precision Floating Point Divide 
IXOlOlllOOOYlO BR\2 (V mode long) 
DISPIACEMENT\16 
0000000000000101 

Calculates an effective address, EA. Divides the contents of QAC by 
the 112-bit contents of the location specified by EA. Normalizes the 
result and stores the whole quotient into QAC. An overflow, underflow, 
or divide by causes a floating-point exception. If there is no 
floating-point exception, resets CBIT to 0. The valties of LINK and the 
condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Cha-Dter 10 of the System Architecture Reference Guide. 
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Note 

If QFD7 is used for any earlier system listed in "About This 
Book", an vmimplemented instruotion (UII) fault occurs. (See 
Chapter 10 of the System Arcfaitecture Reference Guide.) 



► QFLD address 

Quad Precision Floating Point Load 
IXOlOlllOOOYlO BR\2 (V mode long) 
DISPLACEMENT\16 
0000000000000000 

Calculates an extended, augmented effective address, EA. Performs one 
of the following actions with the value contained in the location 
specified ty EA. Loads bits 1 to 112 into QAC and zeros QAC bits 113 
to 128, or loads 128 bits into QAC. In either case, no normalization 
occurs. (See Chapter 6 of the System Architecture Reference Guide for 
more information.) Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Note 

If QFLD is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide.) 



► QFLX address 

Quad Precision Floating Point Load Index 
lOllOlllOOOYll BR\2 (V mode long) 
DISPLACEMENT\16 

Calculates an effective address, EA. Shifts the 16-bit contents of the 
location specified ty EA to the left three times to multiply the 
contents by eight. Shifts in zeros on the right and shifts data out on 
the left first through bit 2 and then bit 1. Leaves the values of 
CBIT, LINK, and and the condition codes unchanged. 



Note 

QFLX cannot do indexing. See Appendix B for more information. 

If QFLX is used for any earlier S37stem listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System ArcMtectTire Reference Guide .) 
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► QFMP address 

Quad Precision Floating Point Multiply 
IXOlOlllOOOYlO BR\2 (V mode long) 
DISPLACEMENT\16 
0000000000000100 

Calculates an effective address, EA. Multiplies the contents of QAC ty 
the 112-l)it contents of the location specified ty EA. (See Chapter 6 
of the System Architecture Reference Guide .) Normalizes the result if 
necessary aai stores it into QAC. An overflow or underflow causes a 
floating-point exception. If there is no floating-point exception, the 
instruction resets GBIT to 0. The values of LINK and the condition 
codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floatijag-point exception fault. 
See Chapter 10 of the System Architect-ure Reference Guide for more 
information. 



Note 

If QFMP is vised for any earlier system listed in "About This 
Book", an tmimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



^ QFSB address 

Quad Precision Floatir^ Point SubtraxTt 
IXOlOlllOOOYlO BR\2 (V mode long) 
DISPLACEMENT\16 
0000000000000011 

Calculates an effective address, EA. Subtracts the contents of the 
locations specified hy EA from the 112-bit contents of QAC. (See 
Chapter 6 of the System Architectttre Reference Guide .) Normalizes the 
result if necessary and loads it into QAC. An overflow or underflow 
causes a floating-point exception. If there is no floating-point 
e3K}eption, the instruction resets CBIT to 0. The values of LINK and 
the coiylition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architectxire Reference Guide for more 
information. 
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Note 

If QFSB is used for any earlier sjTStem listed in "About This 
Book", sm unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System ArGhitectiire Reference Guide.) 



► QFST address 

Quad Precision Floating Point Store 
IXOlOlllOOOYlO BR\2 (V mode long) 
DISPLACEMENT\16 
0000000000000001 

Calculates an effective address, EA. Stores the 128-Mt contents of 
QAC into the 128 bits of memory specified ty EA. (See Chapter 6 of the 
System Architecture Reference Guide .) Leaves the values of CBIT, LINK, 
and the condition codes unchanged. 



Note 

This instruction does not normalize the result before storing 
it into the specified memory location. 

If QFST is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the gs^stem Architecture Reference Guide.) 



► QINQ 

Quad to Integer, in Quad Convert 
1100000101111010 (V mode form) 

Strips the fractional portion of QAC as described in Table 2-4. 
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Table 2^ 
QINQ Actions 



Exponent Value 

'337 <= Exp 

'200 < E3cp < '337 



Action 

No operation. 

If sign >= 0, strip fractional part of QAC 

for lesult. 
If sign < acxi fractional part <> 0, strip 

fractional part of QAC eund increment 

integer portion of QAC iy 1. 
If sign < arei fractional paxt = 0, no 
action is done. 



'200 = Exp 



'200 > Exp 



If Sign 
If sign 
If Sign 



>= 0, result 

< atoi bits 

< aixi bits 



= 0. 
2 to 96 
2 to 96 



= 0, result = -1. 
<> 0, result = 0. 



Result = 0. 



The QINQ instruction can cause a floating-point exception; an 
exception does not alter the contents of QAC. If no floating-point 
exception occurs, the instruction resets CBIT to 0. The values of LINK 
and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System ArchLtecture Reference Guide for more 
information. 



Note 

If QINQ is used for any earlier ^stem listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide . ) 



^ QI^ 

Quad to Integer, in Quad Convert Rounded 
1100000101111011 (V mode form) 

Stri'^s the frsuntional '•xDrtion of QAC as described in Table 2-5 = 
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Table 2-5 
QIQR Ac3tions 



Ejcponent Value I Action 



'337 <= Exp I No operation. 

I 



'177 < Exp < '337 I If sign >= 0, round.* 

I If sign < and fractional part <> 0.5,** 

I round and strip the fractional part 

I of QAC. 

I 

Exp = '177 I If sign >= 0, result = 0. 

I If sign < and bits 2 to 96 = 0, result = -1, 

I If sign < and bits 2 to 96 <> 0, resiilt = 0. 

i For all cases Increment integer part ty 1 If 

I It exists and the most significant bit of 

I QAC = 1. 

I 

Exp < '177 I The result Is 0. 



Rounding occurs if the MSB of the GJAC fraction is 1. For example, 
add the MSB of the QAC fraction to itself and carry out to the QAC 
Integer. 

0.5 implies a QAC fraction with the MSB = 1 and all other bits = 0. 



The OmR instruction can cause a floating-point exception; an 
exception does not alter the contents of QAC. If no floating-point 
exception occurs, the instruction resets CBIT to 0. The val-ues of LINK 
and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the Stystem Architecture Reference Guide for more 
information. ~"^ 



Note 

If QIQR is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide.) 
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► RBQ address 

Remove Entry From Bottom of Queiie 
1100001111001101 (V mode form) 
AP\32 

The address pointer in this instruction points to the QCB for a queue. 
The instruction removes the entry from the bottom of the referenced 
queue and loads it into A. If the queue is not empty, sets the 
condition codes to NE; if empty, resets A to azxi sets the condition 
codes to BQ. Leaves the values of CBIT and LINK unchanged. 



^ RC5 

Reset CBIT to 

1100000010000000 (S, R, V mode fonm) 

Resets CBIT to 0. Leaves the values of LINK and the condition codes 
imchanged. 



^ RMC 

Reset Machine Check Flag to 
0000000000010001 (S, R, V mode form) 

Resets the MCM flag (bits 15 to 16 of the modals) to 0. leaves the 
values of CBIT, LINK, and the condition codes unchanged. Inhibits 
interrupts d-uring execution of the next instruction. 



Note 



This is a restricted instruction. 



^ RRST address 

Restore Registers 

0000000111001111 (V mode form) 
AP\32 

Calculates an effective address, EA, from the 32-bit address pointer in 
the instruction. This specifies the starting address of a save area 
for the general, floating, and XB registers. The save area format is 
shown in Table 2-6. Restores the contents of the general, floating, 
and XB registers from this save area. Bits 1 to 16 of the save area 
are a save mask, whose format appears in Figure 2-4. A itesk bit value 
of 1 means that the corresponding register had nonzero contents that 
have been saved in th^ save area; a mask bit value of means that the 
corresponding register's contents were 0. Leaves the values of CBIT, 
LINK, and the condition codes unchanged. 
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Table 2-6 
RRST Save Area Format 



Offset # 


Contents i 


1 


Save maslc i 


2 to 5 


FRl (F) 1 


6 to 9 


FRO 1 


10 to 11 


X. GR7 1 


12 to 13 


cm 1 


14 to 15 


Y, S, GR5 1 


15 to 17 


GR4 1 


18 to 19 


E, (313 1 


20 to 21 


A, B, L, GR2 1 


22 to 23 


GRl 1 


24 to 25 


(310 1 


26 to 27 


XB 1 



1 4 5 6 7 8 


9 10 


11 


12 13 


14 


15 16 


1 0000 1 FRl 1 FRO 1 


X 1 - 


Y 1 


- 1 E 1 


L.B.A 


1 1 



Save Mask Format, RRST and RSAV Instructions 
Figure 2-4 



► RSAV address 
Save Registers 
000000011 
AP\32 



1001101 (V mode form) 



CsLLculates an effective address. EA, from the 32-bit address pointer in 
the instruction. This specifies the starting address of a save area 
for the general, floating, and XB registers. The save area format is 
shown in TaJble 2-7. Bits 1 to 16 of the save area are a save mask, 
whose format appears in Figure 2-5. This Instruction sets the mask bit 
of each register as follows: to 1 if the register's contents have a 
nonzero value; to if a value. Saves the nonzero contents of the 
general, floating, and XB registers in the save area. Leaves the 
val\aes of CBIT, LINK, and the condition codes unchanged. 
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Table 2-7 
RSAV Save Area Format 



1 Offset # 


1 Contents i 


1 1 


1 Save mask i 


1 2 to 5 


1 FRl (F) 1 


1 6 to 9 


1 FRO 1 


1 10 to 11 


1 X, GR7 1 


1 12 to 13 


1 GR6 1 


1 14 to 15 


1 Y, S, GR5 1 


1 15 to 17 


1 GR4 1 


1 18 to 19 


1 E, GR3 1 


1 20 to 21 


1 A, B, L, GR2 1 


1 22 to 23 


1 GRl 1 


1 24 to 25 


1 GERO 1 


1 26 to 27 


1 XB 1 



1 4 5 6 7 8 9 10 11 12 13 14 15 16 
I 0000 IFRIIFROIXI-IYI-IEI L,B,A I I 



Save Mask Format, RRST and RSAV Instructions 
Figure 2-5 



^ RTQ address 

Remove Entry From Top of Queue 

1100001111001100 

AP\32 



(V mode form) 



The address pointer in this instruction is to the QCB for a qtieue. The 
instruction removes the entry from the top of the referenced qiieue, and 
loads it into A. If the queue is empty, the instruction resets A to 
and the condition codes to BQ; if not empty, sets the condition codes 
to HE. Leaves the values of CBIT and LINK unchanged. 



^ RTS 

Reset Time Slice 

0000000101001001 (V mode form) 

Valid for the 550-11, 750, 850, 1450, and new processors. 

The A register contains a negative value representing the numlDer of 
milliseconds in the new time slice. The time slice is determined by 

T no.4. mi n i Rfinnnd-R uTitll zero . when the time 






IITI 
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slice ends. Therefore, ITH is the two's complement of the number of 
milliseconds remaining in the time slice. The elapsed timer contains 
the total number of 1.024 millisecond units that have elapsed since 
process creation plus the full count of the current time slice. 
Combining ITH and ET by addition gives the total elapsed time. 

RTS adds the current value of the interval timer (locations 16 to 17 of 
the PCB) to the contents of the elapsed tijner (locations 10 to 11 of 
the PCB), then subtracts the contents of A from the sum of the tiners. 
Stores the result in the elapsed timer. Loads the contents of A into 
the interval timer. Leaves the contents of A unchanged. The values of 
CBIT, LINK, and the condition codes are unchanged. 

The addition performed ty this instruction is equivalent to the 
following series of instructions. 



IDA ITH /* load A with the contents of ITH 

/* subtract reset value (in RV) from contents of A 

/* sign extend the contents of A into L bits 17 to 32 

/* skip next 16-bit halfword if CBIT is (no overflow) 

/* complement A 

/* add contents of L and contents of ET 

/* store contents of L in ET 

/* load A with reset valiie 

STA ITH /* store the reset value into ITH 



Note 



RTS is a restricted instruction. 



SUB 


RV 


pim 




SRC 




CMA 




ATT, 


ET 


STL 


Ki' 


T,m 


RV 
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^ SIA 

Subtract 1 From A 

1100000001001000 (S, R, V mode form) 

Subtracts 1 from the contents of A and stores the result In A. If the 
number to be decremented is -(2**15), an integer exception occurs, aM 
the instruction loads (2**15)-1 tnto A. If no overflow occurs, the 
instruction resets CBIT to 0. LINK contains the borrow bit. The 
condition codes reflect the result of the operation. (See Appendix A. ) 

If an integer exception occurs and bit 8 of the kes^s contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



^ S2A 

Subtract 2 From A 

1100000011001000 (S, R, V mode form) 

Subtracts 2 from the contents of A and stores the result in A. If the 
number to be decremented is -(2**15)-1 or -2**15, an integer exception 
occurs and the instruction loads (2**15)-1 or (2**15)-2, respectively, 
into A. If no overflow occurs, the instruction resets CBIT to 0. LINK 
contains the borrow bit. The condition codes reflect the result of the 
operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception favilt. See Chapter 10 
of the System ArGhitecture Reference Guide for more information. 



► SAR n 

Skip on A Register Bit Reset to 

1 1 1 1 N\4 (S, R, V mode form) 

Skips the next 16-bit halfword if bit n in register A contains 0. 
Leaves the values of CBIT, LINK, and the condition codes xmchanged. 

N specifies the bit to test. A value of indicates bit 1; 1, bit 2; 
and so on. 



Note 

The assembler converts n to the octal equivalent of bit number 

minxis 1. 
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► SAS n 

Skip on A Register Bit Set to 1 
100000101011 N\4 (S, R, V mocJe form) 

Skiis the next 16-bit halfword if bit n in register A oontains 1. 
Leaves the values of CBIT, LINK, and the condition codes Tmchaiiged. 

N specifies the bit to test. A valioe of indicates bit 1, aM so on. 

Note 

The assembler converts n to the octal equivalent of bit number 
minus 1. 



► SBL address 
Subtract Long 

IXOlllllOOOYll BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates an effective address. EA. Subtracts the 32-bit integer in 
the location specified by EA from the contents of L. Stores the 
results in L. If the result is greater than (2**31)-1, an integer 
exception occurs and the instruction loads bit 1 of L with a 1 and bits 
2 to 32 with (result - (2**31)). 

If the result is less than -(2**31), an integer exception occurs aM 
the instruction loads bit 1 of L with a and bits 2 to 32 with the 
negative of (result + (2**31)). 

If no overflow occurs, the instruction resets CBIT to 0. The 
instruction loads LINK with the borrow bit. The condition codes 
reflect the outcome of the operation. (See Appendix A. ) 

If an integer exception occurs and bit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the S3^em ArchitectTire Reference Guide for more information. 



► SCB 

Set CBIT to 1 

1100000110000000 (S, R, V mode form) 

Sets the value of CBIT to 1. The value of LINK is indeterminate. 
Leaves the values of the condition codes unchanged. 
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^ SGL 

Enter Single Precision Mode 
0000000000000101 (S, R mode form) 

Enters single precision niode by resetting bit 2 of the Iseys to 0. 
Subsequent IDA, STA, AED, aixi SUB instructions manipulate 16-bit 
integers. Leaves the values of GBIT, LINK, and the condition codes 
\xnGhanged. 



^ SGT 

Skip on A Greater Than 
1000000010010000 CS, R, V mode form) 

Skips the next sequential 16-bit halfword if the contents of A are 
greater than 0. Leaves the values of GBIT, KENK, and the condition 
codes unchanged. 



► SKP n 
Skip 
1000000000000000 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the specified condition is 
met. Leaves the values of GBIT, LINK, and the condition codes 
unchanged. 

This instruction allows you to test for several conditions. The table 
below shov;^ the conditions available to test and information about the 
associated instruction. 
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Table 2-6 
SKP Conditions 



1 Mnfim 

1 


1 Opcode 1 


1 NOP 


1 101000 1 


1 SKP 


1 100000 1 


1 SLT 


1 101400 1 


1 SGE 


100400 1 


1 SLN 


101100 1 


1 SLZ 


100100 1 


1 SNE 


101040 1 


1 SBQ 


100040 1 


1 SSI* 


101020 1 


1 SRI* 


100020 1 


1 SS2* 


101010 1 


1 SR2* 


100010 1 


1 SS3* 


101004 1 


1 SR3* 


100004 1 


1 SS4* 


101002 1 


1 SR4* 


100002 1 


1 SSS* 


101036 1 


1 SSR* 1 


100036 1 


1 SSC 1 


101001 1 


1 SRC 1 


100001 1 



Condition 



No operation. 
Unconditional skip. 
Skip on bit 1 of A equal to 1. 
Skip on bit 1 of A equal to 0. 
Skip on bit 16 of A equal to 1. 
Skip on bit 16 of A equal to 0. 
Skip on A not equal to 0. 
Skip on A equal to 0. 
Skip on sense switch 1 set to 1. 
Skip on sense switch 1 reset to 0. 
Skip on sense switch 2 set to 1. 
Skip on sense switch 2 reset to 0. 
Skip on sense switch 3 set to 1. 
Skip on sense switch 3 reset to 0. 
Skip on sense switch 4 set to 1. 
Skip on sense switch 4 reset to 0. 
Skip on any sense switches set to 1. 
Skip on all sense switches reset to 0. 
Skip on CBIT set to 1. 
Skip on CBIT reset to 0. 



Note 



"These are restricted instructions. 



You do not have to specify the unique mnemonic to test a particular 
condition; you can specify the SKP mnemonic and give the correct bit 
configuration for bits 7 to 16 of the desired test. Make sure that you 
set bit 7 of the SKP instruction properly: if it contains a 1, the 
skip occurs if any of the specified conditions are true; if it 
contains a 0, the skip occurs if all of the specified conditions are 
false. 



► SKS function, device 

Skip on Condition Satisfied 

1110 FUNCTIQN\4 nBVICE\6 



(S, R mode form) 



Tests for the condition specified in the function field of the 
instruction. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. See Chapter 11 of the System Architecture Reference Guide 
for more information. 
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Note 
SBK is a restricted instruction. 



^ SLE 

Skip if A Less Than or Equal to 
1000001010010000 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the contents of A are less 
than or equal to 0. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Skip on LSB of A Nonzero 
1000001001000000 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if bit 16 of A is 1. leaves 
the values of CBIT, LINK, and the condition codes \mGhanged. 



^ S12 

Skip on LSB of A Zero 
1000000001000000 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the bit 16 in A equals 0. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 



^ SMCR 

Skip on Machine Check Reset to 
1000000010000000 (S, R, V mode form) 

Skips the next 16-bit halfword if the machine check flag is 0. leaves 
the values of CBIT, LINK, and the condition codes imchanged. 



Note 

If the processor is operating in machine check mode, this 
instruction has no meaning; it esrecutes as an unconditional 
skip. 
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^ SMCS 

Skip on Machine CbBcSs. Set to 1 
1000001010000000 (S. R, V mode form) 

Skips the next 16-hit halfword if the machine check flag is 1. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



Note 

If the processer is operating in machine check mode, this 
instruction has no meaning; it executes as a NOP. 



^ SMI 

Skip on A Minus 

1000001100000000 (S, R, V mode form) 

Skips the next sequential 16-bit halfWord if the contents of A are less 
than 0. leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



^ SNZ 

Skip on A Nonzero 

1000001000100000 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the contents of A are not 
equal to 0. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



► SPL 

Skip on A Plus 

1000000100000000 (S, R, V mode form) 

Skij» the next sequential 16-bit halfwoixi if the contents of A are 
greater than or equal to 0. Leaves the VEdues of CBIT, LINK, and the 
condition codes unchanged. 



► SRC 

Skip on CBIT Reset to 
1000000000000001 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the value of CBIT is 0. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 
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^ ssc 

Skip on CBIT Set to 1 
1000001000000001 (S, R, V mode form) 

Skips the next sequential 16-Mt halfword if the value of CBIT is 1. 
Leaves the values of CBIT, LINK, etnd the condition codes unchanged. 



^ SSM 

Set the Sign of A Min\is 
1100000101000000 (S, R, V mode form) 

Sets bit 1 of A to 1. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



^ SSP 

Set the Sign of A Plus 
1100000001000000 (S, R, V mode form) 

Sets bit 1 of A to 0. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



► SSSN 

Store System Serial Number 
0100000011001000 (V mode form) 

This instruction is applicable only for the 2350 to the 9955 II. A 
14-Gharacter system identifier programmed into the processor during 
manufacturing consists of a 2-Gharacter plant location code f ollov?ed by 
a 12-digit number. (These characters and ntimbers are in 7-bit ASCII 
format . ) SSSN writes this system identifier into a 16-halfword block 
at the address specified ty the XB register. (A halfword is 16 bits.) 
The first 8 halfwords of this block hold the system serial number 
string as provided ty manufacturing; the remaining halfwords axe 
reserved for future expansion and are 0. 

Leaves the values of CBIT, KENK, and the condition codes indeterminate. 



Note 

If SSSN is used for any earlier sjrstem listed in "About This 
Book", an unamplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architectiire Reference Guide . ) 
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► STA address 

Store A Into Memory 

IXOIOOIIOOOYOO BR\2 (V mode long) 

DISPLACEMEHT\16 

IXOIOOIIOOOOOO CB\2 (R mode long) 
[ DISPIACEMENT\16 ] 

I X 1 DISPLACEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. Stores the contents of the A 
register in the location specified by EA. Leaves the valiies of CBIT, 
LINK, and the condition codes unchanged. 



► STAC address 

Store A Conditionally 

0000001010000000 (V mode form) 
AP\32 

Compares the contents of B with the contents of the location referenced 
by the specified address pointer. If the two values are equal, the 
instruction stores the contents of A into that referenced location. If 
the two values are not equal, execution continues with the next 
instruction. Leaves the values of CBIT and LINK unchanged. Sets the 
condition codes to BQ if the store occurs and to NE if not. 

The comparison and store will not be separated hy execution of other 
Instructions. This means that no instruction can alter the contents of 
the specified memory location between the compare and the store. 

Note 

This instruction is useful when two cooperating, sequential 
processes are manipulating shared data. It is interlocked 
against direct memory I/O; this means you can use it to 
interlock a process with a EMA, IMC, or mQ channel, as well as 
to interlock a memory location that is possibly accessed by 
I/O. r ^ J 



^ STC fir 

Store Character 
OOOOOOIOIIOIFUIOIO (V mode form) 

If the contents of the specified Flil are nonzero, the instruction 
stores the contents of bits 9 to 16 of A into the character tyte 
pointed to ty the appropriate FAR. Updates the contents of the 
appropriate FAR so that they point to the next character. Decrements 
the contents of the specified FIH ty l. Sets the coixiition code NE. 



2-105 Second Edition 



TNRTRUCTIQN SETS GUIDE 



If the contents of the specified Flil axe 0, the STC instruction sets 
the condition code BQ aM does not store a character. 

The STC instruction leaves the values of LINK and CBIT unchanged. 



Note 
When the instruction specifies FlilO, FARO is \ised; FLRl, FARl. 



► STEX 

Stack ESrtiend 

0000001011001101 (V mode form) 

Extends the length of the prooed\ire stack. 

A and B contain a 32-bit n-uinber specifying the halfword size of the 
extension. (A halfword is 16 bits.) 

The firmware rounds up the number specified by A and B to an even 
nuitiber of halfwords. The instruction uses this value to allocate a 
block of memory to the procedure stack. The extension and the initial 
stack do not have to be contiguoiis, since there may not have been 
enough room left in the initial stack to contain a complete frame. 

The instruction returns a segment number/ offset number in A and B that 
specifies the starting address of the extension. 

The extension is automatically deallocated when the current proced-ure 
completes execution. There is no limit on the number of extensions you 
can maike. 

A stack fault occurs if there is no room for the extension. The values 
of CBIT, LINK, and the condition codes are indeterminate. See Chapters 
8 aai 10 of the System Architecture Reference Guide for more 
information about this instruction, stacks, and stack faults. 



► STPA fax, address 
Store FAR 

000000101101 FAR (V mode form) 
AP\32 

Stores the specified FAR contents as a hardware recognizable indirect 
pointer at the memory location referenced by the specified address 
pointer. If the bit number field of that FAR contains 0, the 
instruction stores the first 32 bits (2 halfwoids) of the pointer and 
clears the pointer's extend bit to 0. If the bit number field of that 
FAR does not contain 0, the instruction saves all 48 bits (three 
halfwords) of the pointer and sets the pointer's extend bit to 1. 
Leaves the values of CBIT, LINK, and the condition codes indeterminate. 
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^ STL address 
Store Long 

IXOlOOllOOOYll BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates an effective address, EA. Stores the contents of L in the 
32-bit location specified by EA. Leaves the valiies of CBIT, LINK, and 
the condition codes imchanged. 

^ STLG address 

Store L Conditionally 

0000001010000100 (V mode form) 
AP\32 

Calculates an effective address, EA. Stores the contents of L into the 
32-bit location specified by EA if and only if the contents of the 
specified location equal the contents of E. Leaves the vali:ies of CBIT 
and LINK unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A.) 



Note 

This instruction is useful when two cooperating, sequential 
processes are manipulating shared data. It is interlocked 
against direct memory I/O; this means you can \:ise it to 
interlock a process with a EMA, EMC, or EM? channel, as well as 
to interlock a memory location that is possibly accessed by 
I/O. 



► Snu address 

Store L Into Addressed Register 
IXOOllllOOOYOl BR\2 (V mode form) 
DISPLACEMENT\16 

Calculates a 32-bit (1-word) effective address, EA. Stores the 
contents of L into the register location specified by the offset 
portion of EA. Bit 2 and bit 12 of the offset portion of EA determine 
the actions of this instruction as follows. 
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Bit 2 Bit 12 Aotion 

1* Ignore bit 1 aoi hits 3 to 9. The offset 

portion of EA specified an absolute register 
number from to '377. 

0* 1 Bits 13 to 16 of the offset portion of EA 

specify one of the registers '20 to '37 in the 
current register set. 

Bits 13 to 16 of the offset portion of EA 

specify one of the registers to '17 in the 
current register set. 

*IMs is a restricted instruction. 

STLfi leaves the values of CBIT atxi IZNK unchanged; the valvies of the 
coniition codes are indeterminate. See Qiapter 9 of the System 
Architecture Reference Guide for more information about register sets. 



Note 

Do not use the SHR instruction to write into the keys or 
modals. You can use LPSW or a mode control operation to change 
either of these registers. Under no circumstances should you 
try to change the value of the current register set bits 
contained in the modals. 

In addition, do not cihange the contents of the procedure base 
register (PB) with this instruction. Use either LPSW or a 
control transfer. Loading any value other than into PEL will 
change future effective address calculations for the currently 
running process. 



► STPM 

Store Processor Model Number 
0000000000010100 (V mode form) 

Stores the CPU model number and microcode revision number in an 
8-halfword field. (A halfword is 16 bits.) XB contains a pointer to 
the field. The format of the field is shown in Table 2-9. 
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TSLble 2-9 
STFM Memory Field Format 



1 Halfwoixi 


1 Name 


1 Description 






1 1 to 2 


1 Prooessor 


1 Contains a code 


specifying 


the machine: I 




1 Model 


1 OL - 400/500, 


no 


15L - 9950 1 




1 Number 


1 Rev B microcode 


16L - 9650 1 






1 IL - 400, Rev 


. B 


17L - 2550 1 






1 microcode 


18L - 9955 1 






1 2L - Reserved 




19L - 9750 1 






1 3L - 350 




21L - 2350 1 






1 4L - 450/550 




221. - 2655 1 






5L - 750 




23L - 9655 1 






6L - 650 




25L - 2450 1 






7L - 250 




30L - 9955 II 1 






AT, - 850 




31L - 2755 1 






9L - 250-11 




34L - 6350 1 






lOL - 550-11 




42T, - 9755 1 






IIL - 2250 






1 3 to 4 


Miorooode 


Offset 3: 








Revision 


Bits 1 to 8 


Reserved 








Bits 9 to 16 


Manuf actvffing microcode i 








revisior 


L number I 






Offset 4: 




1 






Bits 1 to 16 


Engineering microcode I 
revision niimber i 


1 5 


Prooessor i 


1 
Specifies options enabled for this mgichine: i 




Tiine 1 


Bits 1 to 15 


Reserved; 


must be i 






Bit 16 


Marketing segment i 
specification bit i 

1 


1 6 1 


Extended i 


To he implemented. 


1 




Microcode i 










ID 1 








1 7 to 8 1 




Reserved for future use. 





This instruction leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Note 



STPM is a restricted instruction. 
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^ STTM 

Store Prooess Timer 
000000010100 



10 (V mode form) 



Valid for the 550-11, 850, 1450, and 2350 to 9955 II. 

The current prooess time is represented iy the stm of the 32-Mt 
elapsed tljne (stored in the PCB) and. the 32-bit interval timer 
(contained, in the CPU hardware). Bit 17 of the elapsed time is 
equivalent in weight to bit 1 of the interval tme. This operation is 
equivalent to the following sequence of instructions. 



IISH 


em, + '25 


/* 


ADL 


= 'lOL 


/* 


bTL 


TKMPl 


/* 


TiTTTR 


PH* + '30 


/* 


lAB 




/* 


STA 


XB% + 2 


/* 


lAB 




/* 


PTTIA 




/* 


ATTT. 


TEMPI,* 


/* 


b"i'L 


XB% + 





Get PCB address. 
Offset of elapsed time. 
Elapsed tijne address -> Temp. 
Read timer. 
Store low order 

16 bits. 
Adjust 

weighting. 
Add elapsed time. 



Leaves the val-ues of the CBIT, LINK, and condition codes indeterminate. 
This instruction is not implemented on the 2250. 



► STX address 
Store X 

lOllOlllOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

lOllOlllOOOOOO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I 1 1 1 DISPLACEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. Stores the contents of X at the 
location specified by EA. Leaves the values of CBIT, LINK, and the 
coixiition codes -unchanged. 



Note 

STX cannot directly specify indexing, though an address in the 
indirection chain may do so in 16S mode. See Appendix B for 
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^ sry 
store Y 

IlllOlllOOOYlO BR\2 (V mode form) 
DISPLAGEMENT\16 

C^culates an effective address, EA. Stores the contents of Y at tbe 
location specified by EA. Leaves the values of CBIT, LINK, aiKi the 
condition codes unchanged. 



Note 

The STY instruction cannot do indexing. See Appendix B for 
more information. 



► SUB address 
Subtract 

IXOlllllOOOYOO BR\2 (V mode long) 
DISPLACEMENT\16 

IXOlllllOOOOOO GB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

I X 1 1 1 DISPLACEMENTMO (S mode; R, V mode short) 

Calculates an effective address, EA. Fetches the 16-bit integer 
contained in the location specified ty EA and subtracts them from the 
contents of A. Stores the results in A. 

If the result is greater than or equal to 2**15, an integer exception 
occurs and the instruction sets CBIT to 1 and loads bit 1 of A with a 1 
and bits 2 to 16 with (result minus (2**15)). 

If the result is less than -2**15, an integer exception occurs and the 
instruction loads bit 1 of A with and bits 2 to 16 with the negative 
of (result + (2**15)). 

If no overflow occurs, the instruction resets CBIT to 0. LINK contains 
the carry-out bit. The condition codes reflect the result of the 
operation. (See Appendix A. ) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Arohitectm-e Reference Guide for more information. 
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P- SVC 

Supervisor Call ^„ ^ „ _, ^^^>i 

00 0000101000101 (S, R, V mode form) 

supervisor call. Generates a directed fault. I^ves the values of 
GBIT, LINK, and the condition codes unchanged. 

This instruction allows you to mate an operating system request that is 
addressUig mode independent. By software convention, this instruction 
s^ an operation ^ode and pollsters to the operatn^ system to 
generate a fault. For more information, refer to Chapter 10 of the 
System Architecture Reference G uide . 

^ SZE 

Skip on A Zero ^ „ ^ ^ \ 

100 0000000100000 (S, R, V mode form) 

Skips the nert secioential 16-bit halfword if the contents of A e^ 0. 
Lea^s the valueTof CBIT, KENK, and the condition codes unchanged. 
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^ TAB 

Trajisfer A to B 
1100000011001100 (V mode form) 

Transfers the contents of A into B. Leaves the values of CBIT LINK 
and the condition codes unchanged. 



^ TAK 

Transfer A to Ke37S 
0000001000001101 (V mode form) 

Moves a copy of the contents of A into the keys. Loads CBIT LINK aai 
the condition codes as a result of the operation. Resets bits 15 to 16 
of the keys to 0. 



Note 

If the new contents of the keys specifies a new addressing 
mode, the new mode takes effect with the instruction 
immediately following TAK. 



► TAX 

Transfer A to X 
1100000101000100 (V mode form) 

I^ads X with a copy of the contents of A. Leaves the values of CBIT 
LINK, and the condition codes unchanged. 



► TAY 

Transfer A to Y 
1100000101000101 (V mode form) 

Loads Y with a copy of the contents of A. Leaves the values of CBIT 
LINK, and the condition codes unchanged. 



► TBA 

Transfer B to A 
1100000110000100 (V mode form) 

Transfers a copy of the contents of B to A. Leaves the values of CBIT 
LINK, and the condition codes unchanged. 
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► TCA 

Two's Complement A 

1100000100000111 (S, R, V mode form) 

Forms the two's complement of the contents of A and stores the result 
±n A. If the number to be complemented is -2**15. an integer exception 
occurs and. the instruction loads -2**15 into A. If no integer 
exception occurs, the ii^truction resets CBIT to 0. LINK contains the 
carry-out bit. The condition codes reflect the result of the 
operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contauis 0, the 
instruction sets CBIT to 1 . If bit 8 contains a 1 , the instruction 
sets CBIT to 1 and. causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



^ TCL 

Two's Complement Long 
1100001010001000 (V mode form) 

Forms the two's complement of the contents of L and. stores the result 
in L. If the number to be complemented is -2**31, an integer exception 
occurs and the instruction loads -2**31 into L. If no Integer 
exception occurs, the instruction resets CBIT to 0. LINK contains the 
carry-out bit. The condition codes reflect the result of the 
operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the "keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



^ TFIL fir 

Transfer Fill to L 
OOOOOOlOllOlFIROll (V mode form) 

Transfers the contents of the specified FLR into L as an unsigned, 
32-bit integer. Cleaxs bits 1 to 11 of L to 0. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



^ TKA 

Transfer Keys to A 
0000001000000101 (V mode form) 

Moves a copy of the keys into A. Leaves the values of CBIT, LINK, and 
the condition codes unchanged. 
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► TLFIj fir 

Transfer L to Fill 
OOOOOOlOllOlFmOOl (V mode form) 

Transfers the 32-bit unsigned integer contained in L into the specified 
FIR. Cleaxs bits 1 to 11 of L to so that bits 1 to 6 of the 
specified FIR will be 0. Leaves the values of CBIT, LINK, and the 
condition codes imcihanged. 



Note 

This instruction allows you to load the specified FIJI with a 
value computed at execution time. The maximun allowable 
integer you can load is 2**20. This number is 21 bits wide and 
equals the number of bits in a 64K segment. 



► TST15 address 
Test Queue 

1100001111101111 (V mode form) 
AP\32 

The address pointer in this instruction is to the (?GB of a queue. This 
instruction tests the referenced queue and sets A to equal the number 
of Items in the queue. Sets the condition codes to BQ when the queue 
is empty. If the queue is not empty, sets the condition codes to KE 
leaves the values of CBIT and LINK unchanged. 



► TXA 

Transfer X to A 
1100001000011100 (V mode form) 

Transfers a copy of the contents of X to A. Leaves the values of CBIT, 
LINK, and the condition codes unchanged. 



► TYA 

Transfer Y to A 
1100001001010100 (V mode form) 

Transfers a copy of the contents of Y to A. Leaves the values of CBIT, 
LINK, and the condition codes imcihanged. 
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► WAIT address 
Wait 
0000000011001101 (V mode form) 

AP\32 

The address pointer in this instruction is to a 16-bit semaphore 
counter, C. The instruction increments C. If C is greater than 0, 
either the resource is not availaJDle, or the event has not occurred. 
The instruction removes the PCB from the ready list, suspending the 
process, and adds it to the wait list associated with the semaphore. 
It then mafees the register set available, turns off the process timer, 
and goes to the dispatcher to find another process to run. The 
dispatcher enables interrupts. 

If C is less than or equal to 0, the currently executing process 
continioes . 

If the instruction places the PCB on the wait list, no general 
registers are saved. This means that a process cannot depend on these 
registers to be intact after this instruction occurs. This instruction 
potentially clears the general, floating, and XB registers. 

Leaves CBIT, LINK, and the condition codes unchanged. 

For more information about semaphores, the dispatcher, PCBs, and wait 
lists, refer to Chapter 9 of the System Architecture Reference Guide . 



Note 



This is a restricted instruction. 
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^ XAD 

Decljnal Add 

0000001001000000 (V mode form) 

Performs a decimal arithmetic operation viixier control of FARO, FARl, 
and L. 

FARO contains the address of field 1. FARl contains the address of 
field 2. L contains the control word; fields B aoi C of the control 
word specify the decimal operation to be perfonted, as shown in Ta±)le 
2-10. 





Table 2-10 
XAD Decima.1 Operations 


1 B 


C 1 Operation I Destination i 


1 
1 

1 1 
1 1 


1 +F1+F2 1 F2 1 

1 1 +F1-F2 1 F2 1 

1 -F1+F2 1 F2 1 

1 1 -F1-F2 1 F2 1 



The scale differential field in the control word specifies the 
difference in the decimal point alignment between Fl and F2: 



SD 


Relation of Fl and F2 


SD>0 


Fl > F2 


SIX) 


Fl = F2 


SD<0 


Fl < F2 



If the T bit contains a 1, the results will be forced positive, 
more infontation about decimal arithmetic, refer to Chapter 6 of 
Ss^stem Architecture Reference Guide. 



For 
the 



If the add operation results in an overflow, a decimal exception 
occurs. If no overflow occurs, the instruction sets CBIT to to 
indicate success. 

If a decimal exception occurs and bit 11 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 11 contains a 1, the instruction 
sets CBIT to 1 and causes a decimal exception fa-ult. See Qiapter 10 of 
the System Architecture Reference Guide for more information. 
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The registers tised are GRO, (311, C313 (E), (314, GR6, FARO. PARI, FLPD, 
awi FIKl. At the eni of the XAD instruction, the contents of these 
registers is indeterminate. The value of LINK is indeterminate. The 
condition codes reflect the state of F2 after the decimal operation. 
(See Appendix A. ) 



^ XBTD 

Binary to Decimal CkDnversion 
0000001001100101 (V mode form) 

Converts a binary number to a decimal number. FARO contains the 
decimal field address. L contains the control word. 

This instruction \ises fields A, E, and H in the control word. H 
specifies the length of the binary number and its location: 

H Length Location 

16 bits EH register 

1 32 bits E register 

2 64 bits DAC register 

Converts the specified binary integer to a decimal integer and stores 
the result in the location specified ty FARO. Overflow results in a 
decimal exception. If no overflow occurs, the instruction resets CBIT 
to 0. Leaves the value of LINK indeterminate. The valvies of the 
condition codes are indeterminate. 

The registers used are GRO, GRl, (313 (E), (314, GR6, FARO, and FLE«D. At 
the end of the instruction, the contents of these registers are 
indeterminate . 

When the source register contains a null string, the destination 
register will contain all zeros. 

If a decimal exception occurs and bit 11 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 11 contains a 1, the instruction 
sets CBIT to 1 and causes a decimal exception fault. See Chapter 10 of 
the System Arcaiitectiire Reference (Suide for more information. 

Note 
This instruction does not use or modify FARl, FLRl, or FACl. 
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► XGA 

Exchange and Clear A 
1100000001000100 (S, R, V mode form) 

Interdhanges the contents of registers A and B, then clears A to 0. 
leaves the values of CBIT, LINK, and the condition codes unchanged. 



► XCB 

Exchange and Cleax B 

1100000010000100 (S, R, V mode form) 

Interchanges the values of A and B and then clears B to 0. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



^ XCM 

Decimal Compare 
0000001001000010 (V mode form) 

Compares two decimal numbers and sets the condition codes depending on 
the result of the compare. 

FARO contains the address of field 1 (Fl). FARl contains the address 
of field 2 (F2). L contains the control word. This instruction uses 
fields A, B, C, E, F, G, and H of the control word. 

Compares the two specified numbers. The instruction \ises the G field 
of the control field to adjust the two numbers before the compare: 

G Decision 

>0 Low-order digits of Fl only affect the initial borrow 
from the low-order digit of F2. 

<0 Assume Fl is zero-extended with low zeros. 

The registers used are GSD, Oil, GR3 (E), GR4, GR6, FIW, and FEill. At 
the end of this instruction, the contents of these registers are 
indeterminate. The CBIT is reset to when there is no decimal 
exception. (This instruction cannot cause a decimal exception.) 
leaves the value of LINK indeterminate. The condition codes reflect 
the result of the compare, as follows. 
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OC Test Result 

GT F2 > Fl 

BQ F2 = Fl 

LT F2 < Fl 



^ XIJCB 

Decimal to Binaiy Conversion 
0000001001100110 (V mode form) 

Converts a decimal string to a binary string. 

FARO contains the address of the decimal string. L contains the 
control word.; this Instruction \ises the A, E, and H fielxJs. Field H 
specifies the length of the binary string and. its location: 

H Length Destination Register 

00 16 bits A register 

01 32 bits L register 
10 64 bits LIE 

Converts the decimal string to a binary string of the specified type 
awi stores it m the specified register. A conversion error causes a 
decimal exception. Leaves the value of LENK unchanged. The values of 
the condition codes are indeterminate. 

The registers used are GRO, GRl. GBZ (E), GR4, CSB, FARO, and FmO. At 
the eixi of this instruction the contents of these registers are 
iixieterminate. 

If a decimal exception occurs and bit 11 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 11 contains a 1. the instruction 
sets CBIT to 1 and causes a decimal exception fault. See Chapter 10 of 
the System Architecture Reference Guide for more informatirai. 

Note 
This instruction does not use or modify FARl. TlHl, or FACl. 
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► XDV 

Decljnal Divide 
0000001001000111 (V mode form) 

Divides a decimal number, D2, ty another, Dl, aM stores the quotient 
aiJd remainder in the location of D2. 

FARO contains the address of Dl. FARl contains the address of Eg. L 
contains the control word; this instruction uses fields A. B C E F 
H. and T. ' . . 

Both deciiital numbers must be in trailing sign embedded format. In 
addition, D2 must contain a niimber of leading zeros equal to the length 

The instruction divides the two numbers. After the divide, the 
location of Eg contains the quotient of length (D2 length - Dl length) 
followed by the remainder of length (Dl length) . Since DB had leading 
zeros, no overflow can occur. 

If the T bit contains a 1, the results will be forced positive. For 
more Information about declonal arithmetic, refer to Chapter 6 of the 
System Architecture Reference Guide . 

The registers used are GSO, GRl, GR3 (E), GR4, (316, FARO, FARl, FIW, 
and FIUl. At the end of this instruction, the contents of these 
registers are indeterminate. 

If Dl is 0, overflow occurs which causes a decimal exception. Decimal 
exceptions also occur if Dl or D2 have the incorrect data type or if 
the length of D2 is less than that of Dl. If no overflow occurs, CBIT 
is reset to 0. At the end of the instruction, LINK and the condition 
codes contain vmdeflned results. 

If a decimal exception occurs and bit 11 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 11 contains a 1, the Instruction 
sets CBIT to 1 and causes a decimal exception fault. See Chapter 10 of 
■the System Architecture Reference Guide for more information. 



► XEC address 
Execute 

IXOOOlllOOOYlO BR\2 (V mode long) 
DISFLACEMENT\16 

IXOOOlllOOOOlO CB\2 (R mode long) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Executes the instruction found at 
EA, but does not transfer control to that location. Leaves the values 
of CBIT, LINK, and the condition codes modified as specified by the 
executed instruction. 
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The XBC instruction has limited application since all instructions 
cannot be executed In this way. The XBC instruction is useful for 
16-bit register generic instructions such as shifts, rotates, clears, 
interchanges, and NOPs. 

The following instruction types should not be used with XEC since they 
may not esrecute properly or will produce undefined results: 
Instructions that change the address mode, program counter, or 
instruction stream; Instructions that cause arithmetic faults; 
decimal or character Instructions; and generic skips. 



^ XED 

NuBveric Edit 

0000001001001010 (V mode form) 

Edits the contents of a string under control of a subprogram. 

The registers used are L, XB, FARO, FARl, and FlilO. At the end of the 
instruction, the contents of these registers and the CBIT, LINK, and 
condition codes are indeterminate. 

FARO contains the address of the source string. The source string must 
be leading separate sign type at^ must have at least the sajne number of 
decimal digits and the decimal point alignment as called for in the 
edit subprogram. 

FARl contains the address of the destination string. Bits 1 to 8 of A 
contain the floating character; bits 9 to 16, the status register. 
Bits 1 to 8 of B contain the number of remaining bytes to be processed 
(\ised if a fault or interrupt occurs) . Bits 9 to 16 of B contain the 
suppression character whose initial value is determined by bit 12 of 
the keys ('240 if bit 1 contains 0; '40 if bit 12 contains 1). XB 
contains the address of the edit subprogram. 

The instruction uses an edit subprogram to alter a source string and 
store the edit resiilt in a destination location(s). To set up, perform 
a decimal move to correct the type, alignment, and length of the number 
to be edited. Next, use a LCBQ instruction to set up the initial 
contents of the register. 

Each 16-bit halfword in the edit subprogram has the format shown in 
Figure 2-6. 
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12 3 4 



I L I CXD I E I 



8 9 16 

M I 



Edit Subprogram Halfword Format 
Figure 2-6 



where L is 1 if this 16-bit halfword is the last halfwoid 
in the subprogram, 
if it is not the last halfword; 
E is a suboperator; 
M is a suboperator modifier. 



The XED instruction uses several variables internally to control the 
edit subprogram. These are shown In Table 2-11. 



Table 2-11 
XED Internal Variables 



Vax I Definition 

SC I Zero suppression Gharacter; contained iji B. Initial 
I value is the space character ('240 or '40, depending 
I on whether bit 12 of the ^eys contains or 1. 

FC I Floating edit character; contained in A. Initial 
I value is not defined. 

SIGN I Sign of the source field. The first dharaoter fetch 
I sets up the value of this variable. 

SIG I End zero suppression flag. 



There are 17 edit suboperators , shown in Table 2-12. 
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Table 2-12 
XED Suboperators 



1 Subop 1 


Mnem 1 


1 00 1 


ZS 1 


1 01 1 


TT, 1 


1 02 


SS 1 


1 03 


ICS 1 


1 04 


H) 1 


1 05 


1 ICM 1 


1 06 


1 TCP 1 


1 07 


1 SFC 1 


1 10 


1 SFP 1 


1 11 


1 SFM 1 



Naite and. Description 



Zero Suppress. Fetches M digits from tlie source 
field consecutively, each, tojme checking SIG. If 
SIG is 1, copies the digit into the destination 
string. If SIG is and. the digit is not 0. 
inserts the floating character (if defined) 
and. copies the digit into the destination field. 
If SIG is 0, the digit is not 0, and the 
floating character is not defined, sets the SIG 
flag ai»a copies the digit into the destination. 
If SIG and the digit are both 0, substitutes 
SC for the digit in the destination field. 

Insert Literal. Copies M into the 
destination string. Increments XB and FARl by 1. 

Set Suppress Oiaracter. Sets SC to U and 
increments XB by 1. 

Insert CSiaracter. If SIG is 1, copies M into the 
destination string. If SIG is 0, copies SC into 
the destination string. Increments XB and FARl 
by 1. 

Insert Digits. If SIG is 0, and PC is defined, 
copies FC and M digits into the destination field 
then sets SIG to 1. Increments XB ty 1, FARO by 
M, arxi FARl by M+1. If SIG is and FC is not 
defined, sets SIG to 1 and copies M digits from 
the source to the destination; increments XB ty 
1 and both FARO and FARl ty M. If SIG is 1, 
copies M digits from the source to the 
destination and increments XB ty 1 and both FARO 
and FARl ty M. 

Insert Character if Minus. If SIGN = 1, copies 
M into the destination string. If SIQI = 1, 
copies SC into the destination string. 
Increments both SB and FARl ty 1. 

Insert Character if Plus. If SIGN = 0, copies M 
into the destination string. If SIGH = 1, 
copies SC into the destination string. 
Increments both SB and FARl by 1. 

Set Floating Character. Sets FC to M and 
increments XB ty 1. 

Set Floating if Plus. If SIGN = 0, sets FC to M. 
If SIGN = 1, sets FC to SC. Increments XB ty 1. 

Set Floating if Min\as. If SIGN = 1, sets FC to M. 
If SIGN = 0, sets FC to SC. Increments XB ty 1. 
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Table 2-12 
XED Suboperators (continued) 



1 Subop 


i (£Qem 1 


1 12 


1 SFS 1 


1 13 


1 3Z 1 


1 14 


1 FS 1 


1 15 


1 SF 1 


1 16 


IS 1 


1 17 


SD 1 


1 20 


EBS 1 



Name and Descsription 



Set Floating to SIC2I. If SIGN = 0, sets PC to 
'253. If SIGN = 1, sets FC to '255. Increments 
XB 337 1. 

Jump if Zero. If the condition flag in A = 0, 
increments XB iy 1. if the condition flag in A 
= 1, adds M to XB and then increments XB ty 1. 

Fill with Suppression Qiaracters. Copies SC 
M times into the destination string. Increments 
XB ty 1 aai FARl iy M. 

Set Significance. If SIG = and PC <> 0, inserts 
FC into the destination string, sets SIG to 1, 
and increments XB aoi FARl iy 1. If SIG = and 
PC = 0, sets SIG to 1 and increments XB wA FARl 
iy 1. If SIG = 1, increments XB ty 1. 

Insert Sign. If SIGN = 0, copies '253 into the 
destination string. If SIGN = 1, copies '255 
into the destination string. Increments XB by 1. 

Suppress Digits. Fetches M digits from the source 
string and checks if they are '260. If the source 
digit = '260, inserts SC into the destination 
string. If the source digit <> '260, copies the 
source digit into the destination string. 
Increments XB ty 1 and both FARO and FARl by M. 

Embed Sign. Fetches M digits from the source 
string. If SIGN = 0, copies each digit into the 
destination string. If SIGN = 1, embeds a minus 
sign into eadh digit before copying it into the 
destination string. Table 6-15 shows the 
characters used to represent the sign/digit 
combinations. A } synJxil represents negative 0. 
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► XMP 

Decimal Multiply 
0000001001000100 (V mode form) 

Multiplies one decimal niimber, M, by another, Dl, emd stores the result 
In D2's location in memory. M is right j\astified in field DS at the 
start of the operation. 

FARO contains the address of Dl. FARl contains the address of D2. L 
contains the control word; this instruction uses fields A, B, C, E, F, 
G, H, and T. Field G, the scale differential, must contain the number 
of decimal dibits in M, 

The number of decimal digits in D2 is greater than or equal to the 
number of decimal digits in Dl plus the number of decimal digits in M 
(specified hy G). Normally, the digits to the left (more significant 
side) of M axe zeros. If this is not the case, then a paxtial product 
field is added in. 

The instruction multiplies M hy Dl and stores the result in the 
location specified ty FARl. The result of the multiply is: 

Dl X M + partial product field 

The paxtial product field is equal to: 

length(D2) - M. 

The paxtial product field is left justified in D2's location. The 
maximum paxtial product added in per traverse of the multiplicand is: 

source digits + multiplier digits processed 

There is also an implied weighting of the paxtial product field. The 
weighting is: 

10 ** ntultiplier digits 

If the T bit is set to 1, the results axe forced positive. See Qxapter 
6 of the System Architecture Reference Guide for more information about 
decimal arithmetic. 

A decimal exception occurs if there axe more potential or actual 
product digits than there is space in D2. 

The registers used are GRO, GRl, CSZ (E), (314, ORS, FARO, FARl, and XB. 
At the end of this instruction, the contents of these registers axe 
indeterminate. Overflow causes a decimal exception; if no overflow 
occurs, resets CBIT to 0. LINK contains undefined results. At the end 
of the instruction, the condition codes reflect the state of the 
result. (See Appendix A.) 

If a decimal exception occurs and bit 11 of the keys contains a 0, the 
XMP instruction sets CHIT to 1. If bit 11 contains a 1, the 
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Instruction sets CBIT to 1 aM causes a decimal exception fault. See 
Chapter 10 of the Ssrstem Arabiteoture Reference Guide for more 
information. 



► XMV 

Decijonal Move 

0000001001000001 (V mode form) 

Moves a string of Ghareicters from one location to another. 

FARO contains the address of the source string. PARI contains the 
address of the destination string. L contains the control word; this 
instruction uses fields A, B, D, E, F, G, H aiii T. 

The instruction moves the contents of the source field into the 
destination field from right to left. If the B field in the control 
word is 1, changes the the sign of the source field, during the move. 
If the D field in the control word is 1 and the scale differential is 
greater than 0, the instruction rounds the soui-ce field during the 
move. If the scale differential (from the H field) is less than 0, the 
instruction pads the source field with SD trailing zeros before 
transferring . 

Since the T bit is used iy all systems for this instruction, the result 
is forced positive if this bit is set to 1. 

The registers \ised are OlO, ORl, (SZ (L), GR3 (E), (314, GSRS, FARO, 
FARl, FIBO, and Flill. At the end of this instruction, the contents of 
these registers are indeterminate. 

A decimal exception occurs if there are more non-zero source digits 
than there is room in the destination, after any padding. If there is 
no decimal exception, CBIT is reset to 0. Leaves the value of LINK 
indeterminate. The values of the condition codes reflect the state of 
the destination field after the move. (See Appeniix A.) 

If a decimal exception occurs and bit 11 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 11 contains a 1, the instruction 
sets CBIT to 1 and causes a decimal exception fault. If no exception 
occurs, the instruction sets CBIT to 0. See Chapter 10 of the System 
Architecture Reference Guide for more information about decimal 
exceptions . 



Note 
The so\iroe and destination strings may not overlap in memory. 
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^ ZCM 

Compare COiaxEWDter Field 
0000001001001111 (V mode form) 

Compsires two fields and sets the condition codes depending on the 
result of the compare. 

FARO contains the address of field 1 (Fl). FLRO contains an integer 
specifying the length of Fl. FARl contains the address of field 2 
(F2). FLRl contains an integer specifying the length of F2. 

The instruction compares the contents of Fl aisi F2 on a byte iy tyte 
basis. If the fields are not of equal length, the instruction 
automatically extends the shorter string with space characters. A 
space character is 'S40 or '40 when bit 12 of the kej^ contains or 1, 
respectively. Sets the condition codes as a result of the compare: 



Result of Compare Set Condition Codes 
Fl > F2 GT 

Fl = F2 BQ 

Fl < F2 LT 



The registers used are (313 (E), GR4, FARO. FARl, FLRO, and Flill; at 
the end of this instruction, the contents of these registers are 
indeterminate . 

V?hen the instruction coitvpletes execution, the valiies of CBIT and LINK 
axe indeterminate. 



Note 

This instruction uses GR3, GR4, the FARs, and the FLRs during 
its operation. Since ZCM does not save the contents of these 
registers before using them, any data contained in them is 
overwritten when this instruction executes, imless you save it 
ahead of tine. 



^ ZED 

Character Field Edit 
0000001001001001 (V mode form) 

Controls exi edit subprogram. 

Uses the registers FARO, FARl, FLRO, and XB. At the end of this 
instruction the contents of these registers are indeterminate. Leaves 
■t-.ho vainoQ n-F fTRTT T.TNK a.Tvi thp- nnnditlon codes ijideterminate . 
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FARO contains the address of the source string, FUIO specifies the 
length of the source string. FARl contains the ax3dress of the 
destination string. XB contains the add3?ess of the edit subprogram. 

The instruction uses the edit subprogram to alter the source string, 
then loads the edited result into the destination string. The 
subprogram, addressed by the contents of XB, contains a list of 
comniands, each with the format shown in Figure 2-7: 



12 6 7 8 9 16 



I L I 00000 I E I M 



ZED Subprogram Word Format 
Figure 2-7 



where L is 1 if this command is the last command in the subprogram, 
if it is not; 
E is the edit opcode; 
M is the edit modifier. 



Bits 2 to 6 must be 0. 

M, the operator modifier, specifies information E uses when editing the 
source string. (See Table 2-13.) 

E, the edit suboperator, specifies the operation to be performed on the 
source string. Available values for E are shown in Table 2-13. 
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TsLble 3-16 
ZED Suboperators 



Subop I Value i Action 



CPC I 00 I Copies characters from the source string into the 
destination string. If the length of the source 
string is greater than the contents of the M field, 
then CPC moves a total of M source characters into 
the destination string, increments FARO and FARl ty 
by M, increments XB by 1, and decrements FlilO by M. 
If the length of the source string is less than the 
the contents of the M field, then CPC moves the 
rest of the source string into the destination 
string, and then pads the remaining space to be 
filled with spaces. (See note.) Increments FARO 
by FIBO ani FARl by M, ijicrements XB ty 1, and 
and decrements FUIO by FLRO (so FLBD = 0) . 

INL I 01 I Inserts M into the destination string and 
inci?ements both XB and FARl by 1. 

SKC I 10 I Skips characters in the source string. If the 

remaining length of the source string is greater 
than or equal to the contents of the M field, then 
SKC sikips over the next M characters of the source 
field ty incrementing FARO ty M and decrementing 
FlilO ty M. If the remaining length of the source 
string is less than the contents of the M field, 
SSC skips over FlilO characters in the source string 
ty incrementing FARO ty FIRO and decrementing FLRO 
ty FIHO (FLRO = 0). In either case, SEC Increments 
XB ty 1. 

BIX I 11 I Inserts M spaces (see note) into the destination 
string, increments FARl by M, and increments XB 
ty 1. 



Note 

A space is '240 or '40, depending on whether bit 12 of the "keys 
is or 1. This instruction vises (313, GR4, the FARs, and the 
FLRs during its operation. Since ZED does not save the 
contents of these registers before \:ising them, any data 
contained in them is overwritten when this instruction 
executes, \mless vou save it ahead of time. 
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^ ZFIL 

Fill Field With Qiaxacter 
0000001001001110 (V mode form) 

Stores a Ghareicter into a series of destination bytes. 

Bits 9 to 16 of L contain the character to be stored. FARl contains 
the starting address of the destination field (byte aligned). FlUl 
contains an integer specifying the length of the destination field (in 
bytes). 

The instruction stores the character specified in L in each byte of the 
destination field. If FUll contains 0, no operation takes place. 
Leaves the values of CBIT, KENK, and the condition codes indeterminate. 

The registers \ised are GS3 (E), (314, FARO, FARl, FlUO, and Fmi; at 
the end of this instruction, the contents of these registers axe 
indeterminate . 



Note 

This instruction uses GR5, GR4, the FARs, and the FLRs during 
its operation. Since ZFIL does not save the contents of these 
registers before using them, any data contained in them is 
overwritten when this instruction executes, unless you save it 
ahead of time. 



^ ZMV 

Move Character Field 
0000001001001100 (V mode form) 

Moves a character field from one location to another. 

FARO contains the address of the source string (byte aligned). FLBD 
specifies the length in tytes, N, of the source string. FARl contains 
the address of the destination string (tyte aligned). Flia specifies 
the length in tytes, M, of the destination string. 

Compares N and M. If N is less than M, the instruction moves the 
contents of the sovirce string into the destination string followed by 
M-N space chaxacters. (A space character is '240 or '40 when bit 12 of 
the kejTS is or 1, respectively.) If the destination string is 
shorter, the instruction moves the first M chaxacters of the source 
string into the destination string. 

When the instruction completes, the values of FARO, FARl, FIRO, FUll, 
CBIT, LINK, and the condition codes axe indeterminate. 
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Note 

The ZMV Instruction uses C313, (314, the FARs, and the FIKs 
during its operation. Since ZMV does not save the contents of 
these registers before using them, any data contained in them 
is overwritten when this instruction executes, unless you save 
it ahead of time. This instruction does not work with 
overlapping strings. See Qiapter 6 of the System Architecture 
Reference Guide for more information. 



► ZMVD 

Move CJharacters Between Equal Length Strings 
0000001001001101 (V mode form) 

Moves chaiacters from one string to another of equal length. 

FARO contains the address of the source string. FARl contains the 
address of the destination string. FlRl contains the niraiber of 
characters to move, N. 

The instruction moves N characters from the source string to the 
destination string. Qxaracters are moved from lower addresses to 
higher addresses. 

The registers used are GR3 (E), GR4, FARO, FARl, FLRO, and FIlll; at 
the eni of this instruction, the contents of these registers axe 
indetemdJiate. The values of CBIT, LINK, and the condition codes axe 
indeterminate. 



Note 

The ZMV instruction uses GR3, GR4, the FARs, and the FIUs 
during its operation. Since ZMVD does not save the contents of 
these registers before using them, any data contained in them 
is overwritten when this instruction executes, unless you save 
it ahead of time. This instruction does not work with 
overlapping strings. See Chapter 6 of the System Ajxaiitecture 
Reference Guide for more information. 
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^ ZTRN 

Character String Translate 
0000001001001000 (V mode form) 

Translates a string of dharacters aixi stores the translations in the 
specified destination. 

FARO contains the address of the source string (lyte aligned). FARl 
contains the address of the destination string (lyte aligned). FLRl 
specifies the length of the source and destination strings. XB 
contains the starting axMress of a translation table. Each tyte in the 
256-b7te table contains an alphatetic dhaxacter. 

The ZTRN instruction uses the address in FARO to reference a character. 
It inteirprets this character as an integer, adding it to the contents 
of XB to form an address into the translation tatole. The instruction 
takes the referenced character in the translation table and writes it 
into the location specified ty FARl. After storing the character , the 
instruction increments the contents of FARO and FARl ir/ 1, decrements 
the contents of FlRl by 1, and repeats the operation imtil FlRl 
contains 0. 

At the end of the instruction, FARO and FARl point to the location that 
follows the last lyte of the source and destination strings, 
respectively. Flill contains 0. Leaves the values of XB, C3BIT, LINK, 
and the condition codes unchanged. 



Note 

This instruction uses (3«3, GR4, the FARs, aM the FUls during 
its operation. Since ZTRN does not save the contents of these 
registers before using them, any data contained in them is 
overwritten when this instruction executes, unless you save it 
ahead of tine. 
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I Mode 



This chapter contedjis descriptions for all 50 Series instructions used 
in I mode. In the description of each instruction, you will find: 

• The instruction mnemonic followed by any arguments. 

• The name of the instruction. 

• The bit format of the instruction. 

• Detailed information describing the instruction's action. 

• Information about the how the instruction affects LINK, CBIT, 
and the condition codes. 



Notation Conventions 

Several abbreviations and syinbols are used throughout this dictionary. 
Table 3-1 defines the dictionary notation. 



3-1 Seconi Edition 



TTiTC*' HtiT V^VTf^tM CTPrpO ^*IT'I"1 XU 



Table 3-1 
EUctionaiy Notation 



1 Symbol i 


Meaning I 


1 A 1 


The 16-bit A 3?egister. i 


1 ATTTRESS 1 


Encompasses all the elements needed to specify an i 
effective address. This tena is used because various i 
addressing types require you to specify the elements i 
in different orders (such as indirect or pre- and i 
post-iTY^ejring). I 


1 AP 


Add-ress pointer. I 


1 B 


The l6-b1t B register. i 


1 BR 


Base register. i 


1 CBIT 


Bit 1 of the kejre. i 


1 DAC 


The double precision floating-point accumulator with 48 I 
bits of mantissa and 16 bits of exponent. i 


1 nLsplaoe- 
1 mRnt 


The number of halfwords to be added to the base register i 
to form the effective address. i 


1 m 


Destination register (normal register specifier). I 


1 E 


The 32-bit E register. i 


1 EA 


Effective address. i 


1 F 


Floating-point accumulator. i 


1 FAC 


The single precision floating-point accumulator with 48 I 
bits of mantissa and 16 bits of exponent. i 


1 FAR 


Field address register. i 


1 Flli 


Field length register. I 


1 CRd. 


A 32-bit general register, where n is through 7. i 


1 Halfword 


1 A 16-bit uni.t of memory. i 


1 I 


1 Indirect bit. i 


! L 


! The 32-bit L register. i 


1 T,TNK 


1 Bit 3 of the Iseys. Not -used in S and R modes. i 
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Table 3-1 (continued) 
Dictionary Notation 



Meaning 



The number of halfwords from the staxting axadress of a 
segment. 

The procedure base register. 

The quad precision floating-point accumulator with 96 
bits of mantissa and 16 bits of exponent. 

A 32-bit general register. 

Bits 1 to 16 of a general register. 

Skip next 16-bit halfword before continuing execution. 

Source register (or index if memory reference). 

Tag modifier. Bits used in I mode effective address 
calculation to specify indirection, indexing, etc. 

The X register (indexing). 

Auxiliary base register. 

A 32-bit unit of memory. 

The Y register (indexing). 

Specifies the number of bits, n, occupied hy field m. 

Specifies an optional arguitent. 



Resumable Instructions 

Some assembly language instructions axe resumable. When an interrupt 
is requested during the execution of an instruction, the processor 
usually services the interrupt at the end of execution before starting 
the next instruction. Some instructions, however, are too long or too 
complex for this to be desirable. V?hen an interrupt is requested 
during one of these resumable instructions, the processor preserves the 
state of the interrupted instruction, handles the interrupt, then 
resumes the instruction at the point where the interrupt occurred. 
Table 3-2 lists the resumable assembly language instructions. 



3-3 



Second Edition 



TNfSTRTKTriON SETS GUIDE 



Table 3-2 
ResumsLble Instructions 





Instrucitions 




ARGT 


XAD 


XKED 


XCM 1 


XDTB 


XDV 


XED 


XMP i 


XMV 


ZCM 


ZED 


ZFIL 1 


ZMV 


ZMVD 


ZTRN 


bTKX 1 



These instructions depend on the settings in certain registers to 
determine whether they are being executed for the first or another 
time. In addition, some registers may be used for intermediate 
storage, modifying the previous contents as a side effect. Registers 
so modified are noted per instruction description. 



Storing Data Into the 6350 and 9750 to 9955 II Instruction Stream 

After any instruction that stores data into memory, you must wait five 
instructions before executing data. If iJi doubt aiout the next five 
instructions (temporally) to be executed, a mode change instruction to 
the current addressing mode, such as E32I, allows the stored data to be 
executed. 



Instruction Formats 

All I mode instructions belong to one of the following instruction 
types: 

• I Mode Ifemoiy Reference 

• I Mode Special Memory Reference 

• I Mode Generic AP (Address Pointer) 

• I Mode Register Generic 

• I Mode Register Generic Branch 

• Generic A and B (see below) 

The format of each instruction type is shown in Figure 3-1. 

Memory reference instructions have the opcode in bits 1 to 6. Special 
memory reference instructions (for floating point) have the opcode in 
bits 2, 3, 7, and 9; bit 8 specifies the floating accumulator. Some 
memory reference and special memory reference instructions have 
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register-to-register emd/or immediate forms. Saob. instructions are so 
identified in this I Mode Instruction Dictionary. 

The imttediate form of a memory reference instruction has a 16-bit 
literal in bits 17 to 32 instead of a 16-bit displacement. 
Register-to-register forms are 16 bits long, since they have no 
displeu3ement. Bits 7 to 9 specify the destination register and bits 12 
to 14 specify the source register. 

The linmediate f oim of a special memory reference instruction has a 
16-bit encoding in bits 17 to 32 instead of a 16-bit displacement. The 
register-to-register form is 16 bits long, since it has no 
displacement. Bit 8 specifies the floating-point destination 
accumulator and bits 12 to 14 specify the index register or the 
floating-point source register (in bit 13). 

Generic AP instructions have a generic format (where bits 10 to 16 
contain the opcode extension) followed ty a 32-bit address pointer. 

Register generic instructions are 16 bits long aM have an opcode in 
bits 10 to 16. The value of bits 1 to 6 is 011000; bits 7 to 9 
specify a general register. 

Register generic branch instructions are 32 bits long aM have an 
opcode in bits 10 to 16. The value of bits 1 to 6 is 00100; bits 7 to 
9 specify a general register. Bits 17 to 32 contain a displacement. 

Generic A and B instructions that do not reference the A, B, E, or L 
registers are also used in I Mode. See Chapter 2, Figure 2-1 for the 
format of these instructions. Instructions defined in I mode for this 
class are included in this instruction dictionary. 



6 7 9 10 11 12 14 15 16 17 32 



OPOCiDE I DEST REG I TM I SOURCE REG CR INDEX I BR I DISP I 
I Mode General Memory Reference Format* 



This instruction type also has a register-to-register aM 
immediate form as explained in the text. 



I Mode Instruction Formats 
Figure 3-1 
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12 3 4 6 7 8 9 10 11 12 14 15 16 17 32 



I I OP I 110 I OP I DBS F I OP I TM I SRC REG CR KKI BR I DISP I 
I Mode Special Memory Reference (Floating Point) Format* 
12 3 4 6 7 9 10 11 12 14 15 16 17 32 



I 1 I OP I 110 I OP i TM I REG CR IMDEX 1 BR i DISPLACEMENT 

I Mode Special Memory Reference (General Register) Format 

1 16 

I GENERIC OR REGISTER GENERIC I 



17 20 21 22 23 24 25 32 33 46 

I BIT I I I I BR I 00000000 I OFFSET I 



I Mode Generic AP Format 

1 6 7 9 10 16 
I 011000 I REG I OPCODE I 



I Mode Register Generic Format 

1 6 7 9 10 16 17 32 
001000 I RIG I OPOGDE I DISPLACEMENT i 

I Mode Register Generic Brancii Format 



This instruction type also has a register-to-register and 
immediate form as escplained in the text. 



I Mode Instruction Formats 
Figure 3-1 (continued) 
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^ A R,addi>ess 
Add Fullword 

10 m\3 TM\2 SR\3 BR\2 
[ DISPLAGEMENT\16 3 

Calculates an effective address, EA. Fetcjhes the 32-bit contents of 
the location specified iy EA and adds them to the contents of the 
specified R. Stores the results in the specified R. 

If the resulting sum is less than or equal to (2**31)-1 and greater 
than or equal to -(2**31), the instruction resets CBIT to 0. If the 
sum is greater than or equal to 2**31, an integer exception occurs. If 
the sum is less than or equal to -(2**31)-1, an integer exception 
occurs. 

When an integer exception occurs, the results axe of the opposite sign 
of the correct answer. In addition, the 32 bits are the 32 LSBs of the 
correct answer (that needs 33 bits to be correctly represented). 

If an integer exception occurs and bit 8 of the keys contains a 0, the 
Instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 

At the end of the operation, LINK contains the carry-out bit. The 
condition codes reflect the result of the operation. (See Appendix A.) 



Note 

This Instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



► ABQ r, address 

AM Entry to Bottom of Queue 
011000 R\3 1011100 
AP\32 

Adds the entry contained in the specified r to the bottom of the queue 
referenced by the AP. (AP points to the queue's QCB.) Sets the 
condition codes to reflect BQ if the queue was full, or to NE if not 
full. Leaves the values of CBIT and LINK unchanged. 
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^ AGP destination-R.source-R 
Add C Pointer 
10 110 1 m\3 TM\2 SR\3 BR\2 



Adds the two's complement number contained in the specified source R to 
the C language pointer in the specified destination R. Stores the 
result in the C pointer in the satne destination R. Leaves the values 
of the CBIT, LINK, and condition codes unchanged. 

Addition is done to segment-number I of f set I byte , producing a new pointer 
with an updated segment-number i of f set i byte . Adding a positive integer 
that causes the segment -number field to overflow will modify the ring 
field. Adding a negative integer that causes the segment -number field 
to underflow will also modify the ring field. R contents that do not 
cause the segment number to overflow will not modify the ring field. 
No overflow is detected or indicated. 



Note 

While of the iremory referencing form, this instruction is only 
defined for register-to-register and immediate ax3dTess 
formation. (See Appendix B.) 

If AGP is used for any earlier system listed in "About This 
Book", an unijnplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



^ Anm R 

Add LINK to Register 
011000 R\3 0001100 

Adds the contents of KENK to the contents of R and stores the res\ilt in 
R. If there is an overflow, an integer exception occurs. If no 
integer exception occurs, CBIT is reset to 0. LINK contains the 
carry-out bit. The condition codes reflect the result of the 
operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains 1, the instruction sets 
CBIT to 1 and causes an integer exception fault. See Chapter 10 of the 
System Architecture Reference G uide for more infoimation. 
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► AH r, address 
Add Halfword 

10 10 m\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates em effective euddress, EA. Fetches the 16-bit contents of 
the location specified by EA and adds them to the contents of the 
specified r. Stores the results in the specified r. 

If the resulting sum is less than or equal to (2**15)-1 and greater 
than or equal to -(2**15), the instruction resets CBIT to 0. If the 
sum is greater than or equal to 2**15, an integer exception occurs. If 
the sum is less than or equal to -(2**15)-1, an integer exception 
occurs. 

When an integer exception occurs, the results are of the opposite sign 
of the correct answer. In addition, the 16 bits are the 16 LSBs of the 
correct answer (that needs 17 bits to be correctly represented). 

If an integer exception occurs and bit 8 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System ArchitectiuTe Reference Guide for more information. 

At the end of the operation, LINK contains the carry-out bit. The 
condition codes reflect the result of the operation. (See Appendix A, ) 



Note 

This instruction also has a register-to-register aai an 
immediate form. See Appendix B for more information. 



^ AIP R, address 

Add Indirect Pointer 

11110 1 m\Z TM\2 SR\3 BR\2 

[ DISPIACEMENT\16 ] 

Adds the value contained in the specified R to the 32-bit value 
contained in the location specified by EA. Stores the result in the 
specified R. Checks these contents for a pointer fault. 

This pointer fault is generated when the contents of the memory 
location to be added to the specified R contain a pointer fault (bit 1 
contains 1). 

If this pointer fatilt occurs, the pointer to the memory location is 
saved in FADCR (SB + 11) as well as bits 1 to 16 of the contents of 
that memory location POOEH (SB + 10) . After completion of the fault 
handling mechanism, the instruction can be re-executed. (See Chapter 
10 of the System Architecture Reference Guide . ) 
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An overflow produces an integer exoeption. If no integer exception 
occurs, CBIT is reset to 0. LINK contains the carry-out bit. The 
condition codes reflect the result of the operation. (See Appendix A. ) 

If an integer exception occurs and bit 8 of the Iseys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains 1, the instruction sets 
CBIT to 1 aai causes an integer exception fault. See Chapter 10 of the 
System Ardhitect-ure Reference Guide for more information. 



Note 

AIP should wealcen the ring field against the ring field of the 
effective address. This is not done on some current 
processors, but will be done on all future processors. 

If AIP is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



^ ARFA far.R 

Add Register to FAR 
011000 R\3 111 FAR 001 

Adds the bit address in the specified R to the contents of the 
specified FAR. Stores the result in the FAR. Leaves the val-ues of 
CBIT aai LINK indeterminate. Leaves the valvies of the condition codes 
unchanged. 



^ ARGT 

Argument Transfer 
0000000110000101 

Transfers arguments from a source procediire to a destination procedure. 
ARGT is fetched ajxi executed only when the argtiment transfer phase of a 
procedure call (PCL) instruction is interrupted or fatilted. 

To perform a procedure call and argument transfer, the source procedure 
must contain the PCL instruction followed by a number of argument 
templates. The destination procedure must begin with the ARGT 
instruction. When the PCL ii^truction is executed, control transfers 
to the destination procedure, and the ARGT instruction \ises the 
templates to form the actual arguments. The arguments are stored in 
the new stack frame as they are computed. At the end of the ARGT 
instruction, the values of CBIT, LINK, and the condition codes are 
indeterminate . 

ARGT must be the first executable instruction in any destination 
procedure that will use arguments. For those procedures whose entry 
control blocks si^cify zero argiJinentSi you imigt omit ARGT or you will 
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destroy the return pointer for PCL, producing Indeterminate results. 
For Information aJxnit argument transfers, refer to the procedure calls 
section In Qiapter 8 of the System Architecture Reference Guide. 



► AT9 r, address 

Add Entry to Top of Queue 
011000 R\3 1011101 
AP\32 

Adds the entry contained In the specified r to the top of the queue 
referenced ty the AP. (AP points to the queue's QCB.) Sets the 
condition codes to reflect BQ If the queue was full, or to NE if not 
full. leaves the values of CBIT and LINK unchanged. 
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^ BCBQ address 

Brandh on Condition Code B} 

110000111000001 

AnCRESS\16 



If the condition codes reflect equal to 0, the instruction loads the 
specified address into the program counter. This address must be 
within the current segment. If the condition codes reflect some other 
condition, execution continues with the next instruction. Leaves the 
values of CBIT, UNK, anl the cooiLtion codes unchanged. 



^ BOGE address 

BrancJh on Condition Code GE 

1100001110000101 

ADCRESSXie 

If the coixiition codes reflect greater than or equal to 0, the 
Instruction loads the specified address into the program counter. This 
address must he within the current segment. If the condition codes 
reflect some other corKiition, execution continues with the next 
instruct ion. Leaves the values of CBIT, LINK, and the condition codes 
xmchanged. 



► BOGT address 

Branch on Condition Ctode GT 

1100001110000001 

AURESSXie 

If the condition codes reflect greater than 0, the instruction loads 
the specified address into the program counter. This address must be 
within the current segment. If the condition codes reflect some other 
condition, execution continues with the next instruction. leaves the 
values of CBIT, LINK, aai the condition codes uncihanged. 



^ BCL£ address 

Branch on Coixiition Code LE 
1100001110000000 

ADCKESS\16 

If the condition codes reflect less than or equal to 0, the instruction 
loads the specified address into the program counter. This address 
must be within the current segment. If the condition codes reflect 
some other coiriition, execution contin'ues with the next instruction. 
Leaves the values of GBIT. LINK, and the condition codes imchanged. 
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► BCLT address 

BraioGh on Condition Code LT 

1100001110000100 

ADCRESS\16 

If the condition codes reflect less than 0, the instruction loads the 
specified address into the program counter. This address must be 
within the current segment. If the condition codes reflect some other 
condition, execution continues vd.th the next instruction. Leaves the 
values of CBIT, LINK, and the coixiition codes unchanged. 



► BCNE address 

Branch on Condition Code NE 

1100001110000011 

ADDRESSMe 

If the condition codes reflect not equal to 0, the instruction loads 
the specified address into the program coimter. This address must be 
within the current segment. If the condition codes reflect some other 
condition, execution continvies with the next instruction. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



► BGR address 

Branch on CBIT Reset to 

1100001111000101 

AECRESSXie 

If CBIT has the value 0, the inst3?uction loads the specified address 
into the program counter. This address must be within the current 
segment. If CBIT has the value 1, e3recution continues with the next 
Instruction. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



► BCS address 

Branch on CBIT Set to 1 

1100001111000100 

ADERESS\16 

If CBIT has the value 1, the instruction loads the specified address 
into the program counter. This address must be within the current 
segment. If CBIT has the valtie 0, ej^cution continues with the next 
instruction. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 
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^ BFBQ f .address 

Branoh on Floating Aocumulator Equal to 

OOIOOOOFOIOIOOIO 

ADCKESS\16 

If the specified floating accuinulator contents are equal to 0, BFBQ 
loads the specified address (in the current segment) iJito the program 
counter; if they are not equal to 0, execution contliiues with the next 
instruction. The condition codes reflect the comparison. (See 
Appendix A.) Leaves the LINK and CBIT unchanged. EFEQ works correctly 
only on normalized or nearly normalized numbers, becaiise it checks the 
first 32 fraction bits only for equal to and less than 0. (See the 
System Architecture Reference Guide , Qiapter 6.) 



^ BPGE f .address 

Branch on Floating Accumulator Greater Than or Equal to 

OOIOOOOFOIOIOIOI 

AEERESSVie 

If the specified floating accumulator contents axe greater than or 
equal to 0, BPGE loads the specified address (in the current segment) 
into the program covmter; if they aj?e less than 0, execution continues 
with the next instruction. The condition codes reflect the comparison. 
(See Appendix A.) Leaves the LENK and CBIT unchanged. BFGE works 
correctly only on normalized or neaxly normalized numbers, because it 
checks the first 32 fraction bits only for equal to and less than 0. 
(See the System Architecture Reference Guide , Chapter 6.) 



^ BFGT f , address 

Branch on Floating Accumulator Greater Than 

OOIOOOOFOIOIOOOI 

ADCRESS\16 

If the specified floating accumulator contents are greater than 0, BPGT 
loads the specified address (in the current segment) into the program 
counter; if they are less than or equal to 0, execution continues with 
the next instruction. The condition codes reflect the comparison. 
(See Appendix A. ) Leaves the LINK and CBIT unchanged. BPGT works 
correctly only on normalized or nearly normalized numbers, becaiise it 
checks the first 32 fraction bits only for equal to and less than 0. 
(See the System Arcihltectxire Reference Guide . Oiapter 6.) 
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^ BFLE f .address 

Brancii on Floating Aocsumulator Less Than or Equal to 
OOIOOOOFOIOIOOOO 

ADCRESS\16 

If the specified floating accumulator contents are less than or equal 
to 0, BFLE loads the specified address (in the current segment) into 
the program coxmter; if they are greater than 0, execution continues 
with the next Instruction. The condition codes reflect the comparison. 
(See Appendix A. ) Leaves the LINK and CBIT unchanged. BFLE works 
correctly only on normalized or nearly normalized n-umbers, beca\xse it 
checks the first 32 fraction bits only for equal to and less than 0. 
(See Chapter 6 in the System Architecture Reference Guide . ) 



^ BFLT f .address 

Branch on Floating Accumulator Less Than 

OOIOOOOFOIOIOIOO 

AURESSXie 

If the specified floating accumulator contents are less than 0. BFLT 
loads the specified address (in the current segment) into the program 
counter; if they are greater than or equal to 0, execution continues 
with the next instruction. The condition codes reflect the comparison. 
(See Appendix A.) Leaves the LINK and CBIT unchanged. BFLT works 
correctly only on normalized or neaxly normalized numbers. beca\ise it 
checks the first 32 fraction bits only for equal to and less than 0. 
(See the System Architecture Reference Guide . Chapter 6.) 



^ BFNE f .address 

Branch on Floating Accumulator Not Equal to 

OOlOOOOFOlOlOOll 

ADDRESS\16 

If the specified floating accumulator contents are not equal to 0, BFNE 
loads the specified address (in the current segment) into the program 
counter; if they are equal to 0, execution continiies with the next 
instruction. The condition codes reflect the comparison. (See 
Appendix A.) Leaves the LINK and CBIT unchanged. BFNE works correctly 
only on normalized or nearly normalized numbers, because it checks the 
first 32 fraction bits only for equal to and less than 0. (See the 
System Architecture Reference Guide . Chapter 6.) 
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► BHDl r, address 

Branch on Half Register Decremented ty 1 
001000 R\3 1100100 
ADCRESSXie 

Decrements the specified r contents by 1 and stores the result in the 
specified r. If the decremented value is not equal to 0, BHDl loads 
the specified address (in the current segment) into the program 
counter. If that value is equal to 0, execution contin\ies with the 
next instruction. Leaves the CBIT, LINK, and condition codes 
unchanged. 



► BHOe r, address 

Branch on Half Register Decremented By 2 
001000 R\3 1100101 
ADDRESS\16 

Decrements the specified r contents ty 2 and stores the result in the 
specified r. If the decremented value is not equal to 0, BHDS loads 
the specified address (in the current segment) into the program 
counter. If that valvie is equal to 0, execution continues with the 
next instruction. Leaves the CBIT, LINK, and condition codes 
tmchanged. 



► BHDl r, address 

Branch on Half Register Decremented By 4 
001000 R\3 1100110 
ADCRESSXie 

Decrements the specified r contents ty 4 and stores the res\:ilt in the 
specified r. If the decremented value is not equal to 0, BHDl Loads 
the specified address (in the current segment) into the program 
counter. If that value is equal to 0, execution continues with the 
next instruction. Leaves the CBIT, LINK, and condition codes 
unchanged. 



► BH0Q r, address 

Branch on Half Register Equal To 
001000 R\3 1001010 
ADmESS\16 

If the specified r contents axe equal to 0, BHBQ loads the specified 
address (in the current segment) into the program counter; if they are 
liot '^^^jal to 0, execution continues with the next instruction. Sets 
the condition codes to the comparison result. (See Appendix A.) 
Leaves the CBIT aM LINK unchanged. 
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► BHGE r, address 

Brandh on Half Register Greater Than or Equal To 

001000 R\3 1001101 

ADCKESS\16 

If the specified r contents axe greater than or equal to 0, BHGE loads 
the specified address (in the current segment) into the program 
counter; if they are less than 0, execution continues with the next 
Instruction. Sets the condition codes to the resiiLt comparison. (See 
Appendix A.) Leaves the GBIT and LINK unchanged. 



^ EHGT r, address 

Branch on Half Register Greater Than 
001000 R\3 1001001 
ADCRESS\16 

If the contents of the specified r are greater than 0, the instruction 
loads the specified address into the program counter. This address 
must be within the current segment . If the contents of r are less than 
or equal to 0, execution continues with the next instruction. Sets the 
condition codes to the result of the comparison. (See Appendix A. ) 
Leaves the values of OBIT and LINK imchanged. 



► BEEl r, address 

Branch on Half Register Incremented hy 1 
001000 R\3 1100000 
ADCRESS\16 

Increments the contents of the specified r iy 1 aM stores the resiolt 
in the specified r. If the incremented value is not equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the incremented val\ie 
is equal to 0, execution continues with the next instruction. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



► BHI2 r, address 

Branch on Half Register Incremented by 2 
001000 R\3 1100001 
ADCKESSXie 

Increments the contents of the specified t by 2 and stores the result 
in the specified r. If the increitented value is not equal to 0, the 
instruction loads the the specified address into the program counter. 
This address must be within the current segment. If the incremented 
value is equal to 0, execution continues with the next instruction. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 
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► BHI4 r, address 

Branch on Half Register Incremented lay 4 
001000 R\3 1100010 
AnCRESS\16 

Increments the contents of the specified r by 4 and stores the result 
in the specified r. If the incremented value is not equal to 0, the 
instruction loads the specified address into the program counter. This 
address ittost be within the current segment. If the incremented value 
is equal to 0, execution continues with the next instruction. Leaves 
the values of CBIT, LINK, aiKi the condition codes lonchanged. 



^ BHIE r, address 

Branch on Half Register Less Than or Equal to 

001000 R\3 1001000 

ADCKESSXie 

If the contents of the specified r are less than or equal to 0, the 
instruction loads the specified address Into the program counter. This 
address must be within the current segment. If the contents of r are 
greater than 0, execution continues with the next instruction. Sets 
the condition codes to the result of the comparison. (See Appendix A.) 
Leaves the values of CBIT and. LINK unchanged. 



► BELT r, address 

Branch on Half Register Less Than 
001000 R\3 1001100 
ADCRESSXie 

If the contents of the specified r are less than 0, the instruction 
loads the specified address into the program counter. This address 
must be within the current segment. If the contents of r are greater 
than or equal to 0, execution continues with the next instruction. 
Sets the condition codes to the result of the comparison. (See 
Appendix A.) Leaves the values of CBIT and LINK unchanged. 



► EHNE r, address 

Branch on Half Register Not Equal To 
001000 R\3 1001011 
ADDRESS\16 

If the contents of the specified r are not equal to 0, the instruction 
loads the specified address into the program coimter. This address 
must be within the current segment. If the contents of r are equal to 
0, execution continues with the next instruction. Sets the condition 
codes to the result of the comparison. (See Appendix A.) Leaves the 
values of CBIT and LINK tmchanged. 
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^ BIjR address 

Branob on LINK Reset to 
1100001111000111 

ADCRESSMe 

If LINK has the value 0, the instruction loads the specified address 
into the program counter. This address must be within the current 
segment. If LINK has the value 1, execution continues with the next 
instruction. Leaves the values of CBIT, LINK, aM the condition codes 
unchanged. 



^ BLS address 

Branch on LINK Set to 1 

1100001111000110 

AnCRESS\16 

If LINK has the value 1, the instruction loads the specified address 
into the program counter. This address must be within the current 
segment. If LINK has the value 0, execution continues with the next 
instruction. Leaves the values of CSBIT, LINK, and the condition codes 
unchanged. 



► BMBQ address 

Branch on Magnitude Condition B} 

1100001110000010 

ADCRESS\16 

If the condition codes indicate magnitude equal to 0, the instruction 
loads the specified address into the program counter, like BCBQ. BMB} 
is intended for magnitude comparisons after a compare or subtract 
instruction. This address must be within the current segment. If the 
condition codes indicate some other cordition, execution continues with 
the next instruction. Leaves the values of CBIT, LINK, aoi the 
condition codes unchanged. 



^ BMSE address 

Branch on Magnitude Coixiition GE 

1100001111000110 

ADCRESS\16 

If LINK has the value 1, the instruction loads the specified address 
into the program counter, like BLS. BM3E is used to determine if the 
magnitude of the register quantity was greater than or equal to the 
memory quantity after a compare or subtract instruction. This address 
must be within the current segment. If LINK has the valtie 0, execution 
continues with the next instruction. Leaves the values of CBIT, LINK, 
and the condition codes tmchanged. 
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► BM3T address 

Brancii on Magnitude Condition GT 

1100001111001000 

ADCRESS\16 



If LINK is 1 and the condition codes reflect not equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If some other condition 
exists, execution continues with the next instruction. leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



► EMUS address 

Branch on Magnit-ude Condition LE 

1100001111001001 

ADDRESS\16 

If LINK is or the condition codes reflect equal to 0, the instruction 
loads the specified address into the program counter. This address 
must he within the current segment. If some other condition exists, 
execution continues with the next instruction. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



► BMLT address 

Branch on Magnitude Condition LT 

1100001111000111 

AmRESS\16 

If LINK has the value 0, the instruction loads the specified address 
into the program counter, like Bm. BMLT is used to determine if the 
itagnitude of the register quantity is less than the memory quantity 
after a compare or sul:tract instruction. This address must le within 
the current segment. If LINK has the value 1, execution continues with 
the next instruction. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



^ BMNE address 

Branch on Magnitude Condition NE 
1100001110000011 (V mode form) 
ADCRESSMe 

If the condition codes indicate itagnitude not equal to 0, the 
instruction loads the specified address into the program counter, like 
BCNE. BMNE is intended for magnitude comparisons after a compare or 
subtract instruction. This address must be withiri the current segment. 
If the condition codes reflect some other condition, execution 
continues with the next instruction. Leaves the values of CBIT, LINK, 
and the condition codes xmchanged. 
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► BBER R.bit * , address 

Branoh on Register Bit Reset 
001000 R\3 01 BIT\5 
AnCRESS\16 

Bits 12 to 16 of the instrucDtion conta±n a value between '00 aiii '37. 
This value specifies the bit position in the register to be tested. A 
value of '00 corresponds to bit 1; '01, bit 2; and so on. 

If the specified bit position contains 0, the instruction loads the 
specified address into the program counter. This address must be 
within the current segment. If the specified bit position contains 1, 
execution continues with the next instruction. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



► BRBS R.bit #, address 

Branch on Register Bit Set 
001000 R\3 00 BIT\5 
ADDRESSXie 

Bits 12 to 16 Of the instruction contain a value between '00 aM '37. 
This valvie specifies the bit position in the register to be tested. A 
val\ie of '00 corresponds to bit 1; '01, bit 2; and so on. 

If the specified bit position contains 1, the instruction loads the 
specified address into the program counter. This address must be 
within the current segment. If the specified bit position contains 0, 
execution continues with the next instruction. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



^ BRDl R, address 

Branch on Register Decremented by 1 
001000 R\3 1011100 
ADCRESS\16 

Decrements the contents of the specified R iy 1 aM stores the result 
in the specified R. If the decremented value is not equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the decremented val\ie 
is equal to 0, execution continues with the next instruction. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 
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► BRD2 R, address 

Branch on Register Decremented b^ 2 
001000 R\3 1011101 
ADERESS\16 

Decrements the contents of the specified R by 2 and stores the result 
in the specified R. If the decremented value is not equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the decremented value 
is equal to 0, execution continues with the nejct instruction. Leaves 
the values of CBIT, LINK, and the condition codes \inGhanged. 



► EElDi R, address 

Branch on Register Decremented by 4 
001000 R\3 1011110 
ADCRESS\16 

Decrements the contents of the specified R by 4 and stores the result 
in the specified R. If the decremented value is not equal to 0, the 
instruction loads the specified address into the program counter. This 
address niust be within the current segment. If the decreitented value 
is equal to 0, execution contin-ues with the next instruction. Leaves 
the values of CBIT, LINK, atxi the condition codes unchanged. 



^ EREQ R, address 

Branch on Register Equal to 
001000 R\3 1000010 
ADCRESS\16 

If the contents of the specified R are equal to 0, the instruction 
loads the specified address into the program counter. This address 
must be within the current segment. If the R contents are not equal to 
0, execution continues with the next Instruction. Sets the condition 
codes to the result of the comparison. (See Appendix A.) Leaves the 
values of CBIT and LINK unchanged. 



^ B9GE R, address 

Branch on Register Greater Than or Equal to 

001000 R\3 1000101 

AnCRESS\16 

If the contents of the specified R are greater than or equal to 0, the 
instruction loads the specified address into the program co\mter. This 

than 0, execution continues with the next instruction. Sets the 
condition codes to the result of the comparison. (See Appendix A. ) 
Leaves the values of CBIT and LINK xmchanged. 
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^ BRGT R, address 

BraiiGh. on Register Greater Than 
001000 R\3 1000001 
ADDRESSXie 

If the contents of the specified R are greater than 0, the instruction 
loads the specified address into the program counter. This address 
must be within the current segment. If the R contents are less than or 
equal to 0, execution continues with the next instruction. Sets the 
condition codes to the result of the comparison. (See Appendix A.) 
Leaves the values of CBIT aixi LINK vmchanged. 



► BRIl R, address 

Branch on Register Incremented ty 1 
001000 R\3 1011000 
ADDRESS\16 

Increments the contents of the specified R by 1 and stores the result 
in the specified R. If the incremented value is not equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the incremented value 
is equal to 0, esrecution continues with the next instruction. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



^ ERI2 R, address 

Branch on Register Incremented by 2 
001000 R\3 1011001 
AEOlESS\16 

Increments the contents of the specified R by 2 and stores the result 
in the specified R. If the incremented value is not equal to 0, the 
instruction loads the specified address into the program counter. This 
address must be within the current segment. If the incremented value 
is equal to 0, execution continues with the next instruction. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



^ BRI4 R, address 

Branch on Register Incremented by 4 
001000 R\3 1011010 
ADDRESSXie 

Increments the contents of the specified R by 4 aM stores the result 
in the specified R. If the incremented value is not equal to 0, the 
instruction loads the specified address into the program counter. This 
addi'ess must be within the current segment. If the incremented value 
is equal to 0, execution continues with the next instruction. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 
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^ BRIoE R, address 

Brancii on Register Less Than or Equal to 
001000 R\3 1000000 
AnCRESS\16 

If the contents of the specified R axe less than or equal to 0, the 
instmction loads tlie specified address into the program covmter. This 
address must be within the current segment. If the R contents are 
greater than 0, execution continues with the next instruction. Sets 
the condition codes to the result of the comparison. (See Appendix A. ) 
Leaves the values of CEIT and LINK unchanged. 



^ BBLT R, address 

Branch on Register Less Than 
001000 R\3 1000100 
ADDRESSXie 

If the contents of the specified R are less than 0, the instruction 
loads the specified address into the program counter. This address 
inust be within the current segment. If the R contents are greater than 
or equal to 0, execution continues with the next instruction. Sets the 
condition codes to the resxilt of the comparison. (See Appendix A.) 
Leaves the values of CBIT and LINK unchanged. 



^ BRNE R, address 

Branch on Register Not Equal to 
001000 R\3 1000011 
AnCRESS\16 

If the contents of the specified R are not equal to 0, the instruction 
loads the specified address into the program counter. This address 
must be within the current segment. If the R contents are equal to 0, 
execution continues with the next instruction. Sets the condition 
codes to the result of the comparison. (See Appendix A.) Leaves the 
val-ues of CJBIT and LINK unchanged. 
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► C R, address 

Ccanpaxe Pullword 

110 1 m\3 TM\2 SR\3 BR\2 

[ DISPLACEMENT\16 ] 

CalGiilates an effective address, EA. Compaxes the 32-bit value 
contained in the specified R to the 32-bit value contained in the 
location specified iy EA. The comparison is done by subtracting the 
contents of the the memory location from the contents of the register. 
Sets the condition codes to the result of the comparison. (See 
Appendix A.) Leaves the value of CBIT uncihaiiged. LINK contains the 
carry-out bit. 



Note 

■This instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



► CAIiF address 

Call Fault Handler 

0000000111000101 

AP\32 

The address pointer in this instruction points to the BGB of a fault 
routine. CALF uses this pointer to transfer control to the fault 
routine as if the transfer were a normal procedure call with no 
arguments passed. The values of CBIT, LINK, and the condition codes 
axe indeterminate. See Chapter 10 of the System Architectiire Reference 
Guide for more information. 



^ OCP destination-R,source-R 
Compare C Pointer 
10 10 1 m\3 TM\2 SR\3 BR\2 

Compares the C language pointer in the specified source R to the C 
language pointer in the specified destination R. Ignores the pointer 
fault and ring bits diiring the comparison. Leaves the values of CBIT 
and LINK unchanged. Sets the condition codes to the outcome of the 
comparison as follows. 



Condition OC 

Contents of destination-R > contents of source-R. GT 
Contents of destination-R = contents of souroe-R. BQ 
Contents of destination-R < contents of souroe-R. LT 
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Note 

While of the memory referencing form, the CCP instruction is 
only defined for register-to-register address formation. (See 
Appeixiix B of the Instruction Sets Guide .) The imnediate form 
of this instruction is undefined, but the preferred 
implementation is a UII for the immediate form. 

If OOP is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



► OGT r 

Computed GOTO 

011000 R\3 0010110 

IMBGER N\16 

BRANCH ADCRESS 1\16 

BRANCH ADCRESS N-l\16 

If the contents of the specified r axe greater than or equal to 1 and 
less than the specified integer N that follows the opcode, the 
instruction adds the contents of r to the contents of the program 
counter to form an address. (The program counter points to the integer 
N following the opcode.) Loads the contents of the location specified 
by this address into the program counter. If the contents of r are not 
within this range, the Instruction adds integer N to the contents of 
the program counter and stores the result in the program counter. Each 
of the branch addresses following the instruction specifies a location 
within the current procedure segment. The valvies of CBIT, LINK, and 
the condition codes are indeterminate. 



^ CH r, address 
Compare Halfword 
1110 1 ER\3 TM\2 SR\2 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Compares the valvie contained in 
the specified r to the 16-bit value contained in the location specified 
ty EA. Leaves the val\ie of CBIT ■unchanged. LINK contains the 
carry-out bit. The condition codes reflect the result of the 
comparison. (See Appendix A. ) 



Note 

This instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 
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^ CHS R 

Change Sign 

011000 R\3 0100000 

Complements hit 1 of the specified R. Leaves the values of CBIT, L>INK, 
and the condition codes tmchanged. 



^ Qffl r 

Coraplenvent r 

011000 R\3 0100101 

Fonre the one's camplement of the contents of the specified r ty 
inverting the value of each bit and stores the result in r. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



^ CMR R 

Complement R 

011000 R\3 0100100 

Forms the one's complement of the contents of the specified R ty 
inverting the value of each bit and stores the result in R. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



^ CR R 

dear R to 

011000 R\3 0101110 

Clears the specified R to 0. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



^ CRHL R 

dear R High Byte 1 Left 

11000 R\3 0110010 

Loads zeros into bits 1 to 8 of the specified R. Leaves the values of 
LINK, CBIT, and the condition codes unchanged. 



^ CRER R 

dear R High Bjyte 2 Right 
011000 R\3 0110011 

Loads zeros into bits 9 to 16 of the specified R. Leaves the values of 
LINK, CBIT, and the condition codes unchanged. 
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CRHL R 

Clear R Left Halfword 

011000 R\3 0101100 



Clears bits 1 to 16 of the specified R to 0. Leaves the values of 
CBIT, LINK, aM the cx)ndition codes unchanged. 



^ GRHR R 

Clear R Right Halfword 
011000 R\3 0101101 

Clears bits 17 to 32 of the specified R to 0. Lea\'es the values of 
CBIT, LINK, and the condition codes imchanged. 



► GSR R 
Copy Sign 
011000 R\3 0100001 

Copies the value of bit 1 of the specified R into CBIT, and then loads 
into bit 1 of R. The value of LINK is indeterminate. leaves the 
condition codes unchanged. 
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^ D R, address 
Divide Fullword 

110 10 DR\3 TM\2 SR\3 BR\2 
[ DISPIACEMENT\16 ] 

Calculates an effective address, EA. Divides the 64-bit value 
cx)nta±ned in the specified R aM R+1 ty the 32-bit value contained in 
the location specified by EA. Stores the quotient in the specified R 
and the remainder in R+1. Overflow may occur if the quotient is less 
than -(2**31) or greater than C2**31)-l. Overflow and divide by 
cause an integer exception. 

If no integer exception occurs, CBIT is reset to 0. The instruction 
leaves the values of LINK and the condition codes indeterminate. 

If an integer exception occurs and bit 8 in the kejrs contains 0, the 
instruction sets CBIT to 1; if bit 8 contains 1, the instruction sets 
CBIT to 1 and causes an integer exception fault. For more information, 
see Chapter 10 of the System ArohLtecture Reference Guide. 



Note 

R must specify an even register. This instruction also has a 
register-to-register and an immediate form. See Appendix B for 
more information. 



^ DELE f 

Convert Single to Double Floating Point 
OllOOOOFOlOOOllO 

Converts the single precision number in the specified floating-point 
accuirtulator to a double precision one by zeroing bits 32 to 48 of the 
floating-point accumulator. Stores the result in the floating-point 
accumulator. Leaves the values of CBIT, LINK, and. the condition codes 
unchanged. Overflow or underflow cannot occur. 



^ DCP R 

Decrement C Pointer 
011000 R\3 1110000 

Decrements the C language pointer in the specified R by 1 tyte. 
Decrementing a offset reduces the segitent number ty 1. Decrementing 
segment nuinber 0, offset 0, byte generates a pointer to the maximum 
segment nuinber, the maximum offset, arxi tyte 0. Leaves the CBIT, LINK, 
and the condition codes unchanged. For C pointer details, see Chapter 
1 and Appendix B of this guide. 
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Note 



If DCP is used for any eeu-lier system listed in "About This 
Book", an unmplemented instruction (UII) fault oocurs. (See 
Qiapter 10 of the S3^tem Arcihitecture Reference Guide . ) 



^ nFA f .address 

Double Floating Add 
OOlllOlFl TM\2 SR\3 BR\2 
[ DISPLAGEMENT\16 ] 

Calculates an effective address, EA. Adds the contents of the 
specified DAC to the contents of the location specified ty EA. Stores 
the result in the DAC. An overflow causes a floating-point exception. 
If no floating-point exception occurs, CBIT is reset to 0. The values 
of LINK and the condition codes are indeterminate. 

If a floating-point exception occurs aixi bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Arohiteature Reference Guide . 



Note 

This instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



^ DFC f .address 

Double Floating Compare 
OOOllOlFl TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Compares the contents of the 
specified DAC to the contents of the location specified by EA. Leaves 
the values of CBIT and LINK unchanged. Sets the condition codes to the 
outcome of the comparison. 



Condition PC 

Contents of DAC > contents of location specified by EA. GT 

Contents of DAC = contents of location specified by EA. BQ 

Contents of DAC < contents of location specified by EA. LT 



On soite processors, DFC works correctly only on normalized numbers as 
follows. The comparison has a maxiinum of three sequential stages: 
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first the signs, then the exponents, aM finally the freictions of the 
two nvunbers axe compared for equality. If the comparison during any 
one of these stages reveals an inequality, the results are retunaed and 
the instruction ends. Unnormalized numbers are unexpected aixi produce 
unexpected results. Other processors actually perform a subtract, 
i>esultlng in a proper comparison. 



Note 

This instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



^ DFGM f 

Doable Floating Complement 
OllOOOOFOllOOlOO 

Forms the two's complement of the double precision, floating-point 
number contained in the specified DAC and normalizes it if necessary. 
Stores the result in the DAC. An overflow causes a floating-point 
exception. If no floating-point exception occurs, CBIT is reset to 0. 
The values of LINK and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 in the keys contains 1, 
the instruction sets CBIT to 1. If bit 7 contains 0, the instruction 
sets CBIT to 1 and causes a floating-point exception fault. For more 
information, see Chapter 10 of the System Architecture Reference Guide . 



► DFD f .address 

Double Floating Divide 
OllllOOFl TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective adxiress, EA. Divides the contents of the 
specified DAC by the contents of the location specified by EA. 
Normalizes the quotient if necessary. Stores the result in the DAC. 
An overflow or divide by to causes a floating-point exception. If no 
floating-point exception occurs, CBIT is reset to 0. The values of 
LINK and the condition codes are iixieterminate. 

If a floating-point exception occurs and bit 7 in the keys contains 1, 
the instruction sets CBIT to 1. If bit 7 contains 0, the instruction 
sets CBIT to 1 and causes a floating-point exception fault. For more 
information, see Chapter 10 of the System Architecture Reference Guide . 



Note 

This instruction also has a register-to-register aoi an 
immediate form. See Appendix B for more information. 
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^ DFL f .address 

Dcfuble Floating Load 
OOOllOOFl 1M\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 



Calculates an effective address, EA. Loads the 64-bit contents of the 
location specified by EA into the specified DAC without normalizing the 
result. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



Note 

The DFL instruction also has a register-to-register and an 
Immediate form. See Appendix B for more information. 



► DFM f, address 

Double Floating Multiply 
OlOllOlFl TM\2 SR\3 BR\2 
[ DISELAGEMENT\16 1 

Calculates an effective address, EA. Multiplies the 64-bit contents of 
the location specified by EA by the contents of the specified DAC. 
Normali2es the result if necessary. Stores the result in the DAC. An 
overflow causes a floating-point exception. If no floating-point 
exception occurs, CBIT is reset to 0. The values of LINK and the 
condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 in the keys contains 1, 
the instruction sets CBIT to 1. If bit 7 contains 0, the instruction 
sets CBIT to 1 and caiises a floating-point exception fault. For more 
information, see Chapter 10 of the System Architecture Reference Guide . 



Note 

This instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



► DFS f, address 

Double Floating Subtract 
OlOllOOFl TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Subtracts the 64-bit contents of 
the location specified by EA from the contents of the specified DAC. 
Stores the result in the DAC. An overflow causes a floating-point 
exception. If no floating-point exception occurs, CBIT is reset to 0. 
The values of LINK and the condition codes are indeterminate. 
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For 750 amd 850 prcx3essors, exponent underflow is detected, bat 
exponent overflow is not. 

If a floating-point exception occurs and bit 7 in the kejrs contains 1, 
the instruction sets CBIT to 1. If bit 7 contains 0, the Instruction 
sets CBIT to 1 and causes a floating-point exception fault. For more 
information, see Oiapter 10 of the Ss^em ArcMtecture Reference Guide. 



Note 

The DPS instruction also has a register-to-register arxi an 
immediate form. See Appendix B for more information. 



^ DFST f, address 

Double Floating Point Store 
OOlllOOFl TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Stores the contents of the 
specified DAC into the location specified ty EA. Leaves the values of 
CBIT, LINK, and the condition codes imchanged. 



Note 

This instruction does not normalize the result before loading 
it into the specified memory location. 



► m R, address 
Divide Halfword 

1110 10 m\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Divides the 32-bit dividend 
contained in the specified R iy the 16-bit value contained in the 
location specified iy EA. Stores the quotient in bits 1 to 16 of R and 
the remainder in bits 17 to 32 of R. The sign of the remainder equals 
the sign of the dividend. If the quotient is less than -(2**15) or 
greater than (2**15)-1, an overflow occurs and causes an integer 
exception. If no integer exception occurs, CBIT is reset to 0. The 
values of LINK and the condition codes are indeterminate. 

If an integer exception occurs and bit 8 in the kesTS contains 0, the 
instruction sets CBIT to 1. If bit 8 contains 1, the instruction sets 
CBIT to 1 and causes an integer exception fault. For more information, 
see Chapter 10 of the System Architecture Reference Guide . 
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Note 

The DH instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



► mi r 

Decrement r by 1 

011000 R\3 1011000 

Decrements the contents of r by 1 aM stores the result in r. If an 
overflow occurs, an integer exception occurs. If no integer exception 
occurs, CBIT is reset to 0. LINK reflects the value of the carry. The 
condition codes reflect the result of the operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 ajxi causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



► DH2 r 

Decrement r ty 2 
011000 R\3 1011001 

Decrements the contents of r ty 2 and stores the result in r. If an 
overflow occurs, an integer exception occurs. If no integer exception 
occurs, CBIT is reset to 0. LINK reflects the value of the carry. The 
condition codes reflect the result of the operation. (See Appendix A.) 

If an rnteger exception occurs and bit 8 of the keys contains 0, the 
IE2 instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



^ EM address 

Decrement Jfemory Fullword 
110110000 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Subtracts 1 from the 32-bit integer contained in the specified location 
and stores the result back in the specified location. Leaves the 
values of LINK and CBIT unchanged. The condition codes reflect the 
result of the operation. (See Appendix A. ) 
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► um address 

Decrement tfemory Halfword 
111110000 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Subtracts 1 from the 16-bit integer contained in the specified location 
and stores the resiilt back in the specified location. Leaves the 
values of LINK and CBIT unchanged. The condition codes reflect the 
result of the operation. (See Appendix A.) 



^ mi R 

Decrement Register by 1 
011000 R\3 1010100 

Decrements the contents of R by 1 and stores the result in R. An 
overflow causes an integer exception. If no integer exception occurs, 
CBIT is reset to 0. LINK contains the value of the borrow bit. The 
condition codes reflect the result of the operation. (See Appendix A. ) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
oi the System Architecture Reference Guide for more information. 



► m2 R 

Decrement Register by 2 
011000 R\3 1010101 

Decrements the contents of the specified R ty 2 and stores the residt 
in R. An overflow caxises an integer exception. If no integer 
exception occurs, CBIT is reset to 0. LINK contains the valiie of the 
borrow bit. The condition codes reflect the result of the operation. 
(See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
ER2 instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapber 10 
of the System Architecture Reference Guide for more information. 



^ mm 

Double Round From Quad 
0100000011000000 

Converts the 112-bit value in QAC to a double precision floating-point 
number. If QAC contains 0, the instruction ends. If bits 50 to 96 of 
QAC are not zero, or bit 48 of QAC contaijis 1, the instruction adds the 
value of bit 49 to that of bit 48 (unbiased round) and clears bits 49 
to 96 of QAC to 0. If any other condition exists, no unbiased rounding 
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occurs, but bits 49 to 96 of QAC axe still cleared to 0. After ajoy 
rounding and cleaning occurs, the Instruction normalizes the result and 
loads it into bits 1 to 64 of QAC. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of UNK and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a 0. the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



Note 

If ERN is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



^ EKNM 

Double Round From Quad Towaxds Negative Infinity 
1100000101111001 

Converts the 112-bit value in QAC to a double precision floating-point 
nuniber. If QAC contains 0, or if bits 49 to 96 of QAC contain zeros, 
the instruction ends. In any other case, the instruction cleaxs bits 
49 to 96 to 0, normalizes the result, and places it in bits 1 to 64 of 
QAC. 

The value of CBIT is undianged. The values of LINK and the condition 
codes are indeterminate. 



Note 

If ERNM is used for any earlier S37Stem listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



^ EE^N? 

Double Round From Quad Towards Positive Infinity 
0100000011000001 

Converts the 112-bit value in QAC to a double precision floating point 
number. If QAC contains 0, or if bits 49 to 96 of QAC contain zeros, 
the instruction ends. In any other case, the instruction adds 1 to the 
value contained in bit 48 of QAC, clears bits 49 to 96 to 0, normalizes 
the result, and places it in bits 1 to 64 of QAC. 
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If no floating-point exoeptlon occurs, the instniction resets CBIT to 

0. The values of LINK and the condition codes are iodetenninate . 

If a floating-point e»3eption occurs and bit 7 of the ijssys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception faidt. 
See Qxapter 10 of the System Architecture Reference Guide for more 
information. 



Note 

If ERNP is used for any earlier system listed in "About This 
Book", an tinimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the ^stem Architecture Reference Guide . ) 



^ ERNZ 

Double Round From Quad Towards Zero 
0100000011000010 

Converts the 112-bit value in QAC to a double precision floating-point 
number. If QAC contains 0, the instruction ends. If bits 49 to 96 of 
QAC contain zeros and bit 1 contains 1, the instruction adds 1 to the 
value contained in bit 48 of QAC, clears bits 49 to 96 to 0, normalizes 
the result, and places it in bits 1 to 64 of QAC. If any other 
condition exists, no rounding occurs. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of LINK and the condition codes axe indeterminate. 

If a floating-point exception occurs aai bit 7 of the keys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the Ss^stem Architecture Reference Guide for more 
information. 



Note 

If ERNZ is tised for any earlier S3^tem listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide.) 
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^ E16S 

Enter 16S Mode 
0000000000001001 

Sets bits 4 to 6 of the keys to 000. Subseqtient S mode instructions 
may now be interpreted, and 16S address calculations may be tised to 
form effective addresses. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



^ E32I 

Enter 321 Mode 
0000001000001000 

Sets bits 4 to 6 of the keys to 100. Subsequent I mode instructions 
may now be interpreted, and 321 address calculations may be used to 
form effective addresses. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 



^ E32R 

Enter 32R Mode 
0000001000001011 

Sets bits 4 to 6 of the keys to Oil. Subsequent R mode instructions 
may now be interpreted, and 32R address calculations may be used to 
form effective addresses. Leaves the valiies of CBIT, LINK, and the 
coixiition codes unchanged. 



^ E32S 

Enter 32S Mode 
0000000000001011 

Sets bits 4 to 6 of the kej^ to 001. Subsequent S mode instructions 
may now be interpreted, and 32S address calculations may be used to 
form effective addresses. Leaves the values of CBIT, LINK, and the 
condition codes \mchanged. 



^ E64R 

Enter 64R Mode 
0000001000001001 

Sets bits 4 to 6 of the keys to 010. Subsequent R mode instructions 
may now be interpreted, and 64R address calculations may be used to 
form effective addresses. Leaves the values of CBIT, LINK, and the 
condition codes unchanged. 
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^ E64V 

Enter 64V Mode 
0000000000001000 

Sets bits 4 to 6 of the keys to 110. Subsequent V mode instructions 
may now be interpreted, and 64V address calculations may be used to 
form effective addresses. Leaves the valties of CBIT, LINK, and the 
condition codes unchanged. 



^ EAFA fax, address 

Effective Address to FAR 

OOOOOOIOIIOOFOOO 
AP\32 

Builds a 36-bit EA from the 32-bit address pointer contained in the 
instruction and loads it Into the specified FAR. The AP bit field is 
processed and loaded into the bit portion of the FAR, for direct 
access. Indirection uses the bit field in the indirect pointer (if 
any). leaves the values of CBIT, LINK, and the condition codes 
unchanged. 

Figure 3-2 shows the format of the EA loaded into the specified FAR. 



1 16 17 32 33 36 

RING, SBG I WORD # I BIT # I 



EA Format for EAFA 
Figure 3-2 



^ EALB address 

Effective Address to LB 
100110010 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA, and loads it into LB. Leaves the 
valvies of CBIT, LINK, and the condition codes unchanged. 
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EAR R, address 

Effective M±ress to Register 

110 11 m\3 TM\2 SR\3 BR\2 

DISPLACEMENT\16 



Calculates an effective address, EA. Loads the 32-bit EA into the 
specified R. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



^ EAXB address 

Effective Address to XB 
101110010 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA, and loads it into XB. leaves the 
values of CBIT, LINK, and the condition codes xmchanged. 



^ EIO address 
Execute I/O 

1110 m\3 TM\2 SR\3 BR\2 
DISPLAGEMENT\16 

Calculates an effective address, EA. Executes bits 17 to 32 of EA as 
if they were a PIG instruction. If execution is suooessful, the 
instruction sets the condition codes as follows; 



OC Meaning 

BQ Successful INA, OTA, or SKS Instruction 

NE Unsuccessful INA, OTA, OR SKS; any OCP 

Leaves the val\ies of LINK arxi CBIT unchanged. For more information 
about I/O operations, see Chapter 11 of the System Arcihitecture 
Reference Guide. 



Note 



This is a restricted ijistruction. 
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^ ENB 

Enable Interrupts 
0000000100000001 

Enables Interrupts ty setting bit 1 of the modals to 1. InhUaits 
interrupts for one instruction. Leaves the values of CBIT LINK and 
the condition codes unchanged. 



Note 



This is a restricted instruction. 



► ENBL 

Enable Interrupts (Local) 
0000000100000001 

This 850 instruction performs the same actions as ENB, except that it 
is performed specifically for the local processor. Leaves the values 
of CBIT, LINK, and the condition codes unchanged. 



Note 



This is a restricted instruction. 



^ ENBM 

Enable Interrupts (Mutual) 
0000000100000000 

For the 850, a processor checks the availability of the mutual 
exclusion lock. If available, the processor releases this lock and 
enables interrupts. leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Note 



This is a restricted instruction. 
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► ENBP 

Enable Interrupts (Process) 
0000000100000010 

For the 850. a processor checks the availai^ility of the Process 
exctoge 10^. If available, the process releases this lock^ 
SS interrupts. Leaves the val^^es of CBIT, LINK, and the condition 
codes unchanged. 



Note 



This is a restricted instruction. 
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^ FA f .address 
Floating Add 

OOlllOlFO TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Adds the contents of the 
specified FAC to the 32-bit contents of the location specified ty EA 
(See Chapter 6 of the System Architecture Reference Guide .) Stores the 
result in the FAC. An overflow causes a floating-point exception. If 
no floating-point exception occurs, CBIT is reset to 0. The values of 
LINK and the condition codes are indeterminate. If a floating-point 
exception occurs and bit 7 of the keys contains a 1, the instruction 
sets CBIT to 1. If bit 7 contains a 0, the instruction sets CBIT to 1 
and causes a floating-point exception fault. See Chapter 10 of the 
Ss^tem Architecture Reference Guide . 

Note 

This instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



► PC f .address 
Floating Compare 

OOOIIOIFO TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Compares the contents of the 
specified FAC to the contents of the location specified by EA. Leaves 
the values of LINK aM CBIT unchanged. Sets the condition codes to 
reflect the outcome of the comparison: 

Condition qc 

Contents of FAC > contents of location specified ty EA. GT 

Contents of FAC = contents of location specified by EA. BQ 

Contents of FAC < contents of location specified by EA. LT 

On some processors, PC works correctly only on normalized numbers as 
follows. The comparison has a maxiirtum of three sequential stages: 
first the signs, then the exponents, and finally the fractions of the 
two numbers are compared for equality. If the comparison during any 
one of these stages reveals an inequality, the results are returned and 
the instruction ends. Unnormalized numbers are unexpected and produce 
unexpected results. Other processors actually perform a subtract, 
resulting in a proper comparison. 

Note 

The PC instruction also has a register-to-register and an 
iJTimediate form. See Appendix B for more information. 
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^ FCDQ 

Floating Point Convert Double to Quad 
1100000101111001 

Cleans FACl to 0. Leaves the values of CBIT, LHJK, aiid the condition 
codes unchanged. 

Note 

If FCDQ is used for any eaxlier system listed in "About This 
Book" , an unimpleitented ijistruction (UII) fault occurs. (See 
Chapter 10 of the System ArcMtecture Reference Guide . ) 



► PCM f 

Floating Point Complement 

01 lOOOOFOlOOOOOO 

Forms the two's complement of the contents of the FAC and normalizes 
the result if necessary. (See Chapter 6 of the System Arcihitecture 
Referen ce Guide .) Stores the result in the FAC. An overflow causes a 
floating-point exception. If no floating-point exception occurs, CBIT 
is reset to 0. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 in the keys contains 1, 
the instruction sets CBIT to 1. If bit 7 contains 0, the instruction 
sets CBIT to 1 and causes a floating-point exception fault. For more 
information, see Chapter 10 of the System Architecture Reference Guide . 



► FD f, address 
Floating Divide 

OllllOOFO TM\2 SR\3 BR\2 
[ DISFLACEMENT\16 ] 

Calculates an effective address, EA. Divides the contents of the 
specified FAC ty the contents of the location specified by EA. (See 
Chapter 6 of the System Architecture Reference Guide . ) Stores the 
result in the FAC aM normalizes if necessary. A divide ty or an 
overflow causes a floating-point exception. If no floating-point 
exception occurs, CBIT is reset to 0. The values of LINK and the 
condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 in the kejrs contains 1, 
the instruction sets CBIT to 1. If bit 7 contains 0, the instruction 
sets CBIT to 1 aixi causes a floating-point exception fault. For more 
information, see Chapter 10 of the System Architecture Reference Guide . 
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Note 



The FD Instruotion also has a register-to-register and an 
ajnmedlate form. See Appendix B for more information. 



► FL f, address 
Floating Load 

OOOllOOFO TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Converts the single precision 
operand to doutle precision and loads the result into the specified FAC 
without normalizing it. Leaves the contents of CBIT, LINK, aai the 
condition codes unchanged. 



Note 

This instruction also has a register-to-register and an 
iiimediate form. See Appendix B for more information. 



► FLT f ,R 

Convert Integer to Floating Point 
011000 R\3 100F101 

Converts the ijiteger contained in R to a floating-point nunter aai 
stores the result in the specified FAC. The values of CBIT, LINK, and 
the condition codes are indeterminate. 



► FLTH f ,r 

Convert Halfword Integer to Floating Point 
011000 R\3 100F010 

Converts the halfword integer contained in r to a floating-point number 
and stores the result in the specified FAC. The values of CBIT LINK 
and the condition codes are indeterminate. 



► FM f, address 

Floating Multiply 
OlOllOlFO TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

^culates an effective address, EA. Multiplies the 32-bit contents of 
the location specified by EA by the contents of the specified FAC 
CSee Chapter 6 of the System Architecture Reference Guide . ) Normalizes 
the result, if necessary, and stores it in the FAC. An exponent 
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overflow causes a floating-point exception. If no floating-point 
exception occurs, CBIT is reset to 0. The values of LINK and the 
coixiition codes are indeterminate. 

If a floating-point exception occurs and bit 7 in the keys contains 1, 
the instruction sets CBIT to 1. If bit 7 contains 0, the instruction 
sets CBIT to 1 awl causes a floating-point exception fault. For more 
information, see Chapter 10 of the System Architecture Reference Gaide . 

Note 

The FM instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



^ FEUT f 

Floating Round 
OllOOOOFOlOOOlll 

This instruction operates on and stores all results in the floating 
accumulator . 

For the 2350 to 9955 II, the following actions occur. If bits 1 to 48 
contain 0. then bits 49 to 64 are cleared to 0. If bits 24 and 25 both 
contain 1, then 1 is added to bit 24, bits 25 to 48 axe cleared to 0, 
and the result is normalized. If bit 25 contains 1 and bits 26 to 48 
are not equal to 0, then 1 is added to bit 24, bits 25 to 48 are 
cleared, and the result is normalized. 

For the earlier systems listed in "About This Book" , the following 
actions occur. If bits 1 to 48 contain 0, then bits 49 to 64 are 
cleared to 0. Otherwise, bit 25 is added to bit 24, bits 25 to 48 are 
cleared to 0, and the result is normalized. 

For all systems, if no floating-point exception occurs, resets CBIT to 
0. The values of LINK and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1 the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the Sjystem Architecture Reference Guide for more 
information. 
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► FRNM f 

FLoatijig Point Round Towards Negative Infinity 
OllOOOOFOllOOllO 

Converts the 64-bit value in DAC to a single precision floating-point 
number. If DAC contains 0, or if bits 25 to 48 of DAC contain zeros, 
the instruction ends. In any other case, the instruction clears bits 
25 to 48 to 0, normalizes the result, and places it in DAC. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of LINK and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 

1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault 
See Chapter 10 of the System Architecture Ref erence Guide for more 
information. " 



► FRNP f 

Floating Point Round Towards Positive Infinity 
OllOOOOFOllOOlOl 

Converts the 64-bit value in DAC to a single precision floating-point 
number. If DAC contains 0, or if bits 25 to 48 of DAC contain zeros, 
the instruction ends. In any other case, the instruction adds 1 to the 
value contained in bit 24 of DAC, clears bits 25 to 48 to 0, normalizes 
the result, and places it in DAC. 

If no floating-point exception occurs, the instruction resets CBIT to 

0. The values of LINK and the condition codes axe indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 

1. the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Referenc e Guide for more 
information. ~ 



► FRNZ f 

Floating Point Round Towards Zero 
OllOOOOFOllOOlll 

Converts the 64-bit value in DAC to a single precision floating-point 
number. If DAC contains 0, the instruction ends. If bits 25 to 48 of 
DAC are not zeros and bit 1 contains 1, the instruction adds 1 to the 
value contained in bit 24 of DAC, clears bits 25 to 48 to 0, normalizes 
the result, and places it in DAC. If any other condition exists no 
rounding occurs. 

If no floating-point exception occurs, the instruction resets CBIT to 
0. The values of LINK and the condition codes are indeterminate. 
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If a floating-point exception ocxjurs and bit 7 of the kej^ contains a 
1, FRNZ sets CBIT to 1. If bit 7 contains a 0, the instruction sets 
CBIT to 1 and causes a floating-point exception fault. See Oiapter 10 
of the System Architecture Reference Guide for more information. 



► FS f, address 

Floating Subtract 
OlOllOOFO TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Subtracts the 32-bit contents of 
the location specified by EA from the contents of the specified FAC. 
(See Chapter 6 of the System Ardhitecture Reference Guide .) Normalizes 
the result, if necessary, and stores it in the FAC. An overflow causes 
a floating-point exception. If no floatjjig-point exception occurs, 
CBIT is reset to 0. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs axA bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



Note 

This instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



► FST f, address 
Floating Store 

OOlllOOFO TM\2 SR\3 BR\2 
DISPLAGEMENT\16 

Calculates an effective address, EA. Stores the contents of the 
specified FAC into the 32-bit location specified by EA. (See Chapter 6 
of the System Architecture Reference Guide . ) The result is normalized 
only if rounding is enabled. If the exponent contained in the FAC is 
too laxge to be expressed in 8 bits, a floating-point exception (store 
exception) occurs. If no exception occurs, the ojistruction resets CBIT 
to 0. At the end of the instruction, the values of LINK and the 
coiKHtion codes axe indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1. the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System ArGhitecture Reference Guide for more 
information. In either case, a floating-point exception leaves the 
contents of the memory location in an indeterminate state. 
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^ HLT 
Halt 
0000000000000000 

Halts computer operation. The program counter points to the 
Instruction that would have been executed if execution had not been 
stopped. The supervisor terminal indicates a halt. Leaves the values 
of CBIT, LINK, and the condition codes unchanged. 

This instruction saves the contents of registers In a memory location 
specified by the RSAVPTR. The contents of RSAVPTR can be accessed by 
an LDAR/STAR instruction with address '40037. The registers are saved 
in their physical order. (See Qiapter 9 of the System Architecture 
Reference Guide for the format of these register files.) The saved 
register file order is shown in Table 3-3. 



Table 3-3 
Order of Saved Registers After HLT 



6350, 

9750 to 9955 II 



2350 to 2755, 
9650 and 9655 



User Reg Set 3 
User Reg Set 4 
User Reg Set 1 
User Reg Set 2 
Microcode Reg File, 

Set 2 
Indirect Reg Set 
Microcode Reg File, 

Set 1 
rwx Reg File 



I User Reg Set 1 
I User Reg Set 2 
I User Reg Set 3 
I User Reg Set 4 
I User Reg Set 5 
I User Reg Set 6 
I User Reg Set 7 
I User Reg Set 8 
I EMx Reg File 
I Microcode Reg File, 
I Set 1 

I Microcode Reg File, 
I Set 2 



Earlier Ssratems* 



User Reg Set 2 
User Reg Set 1 
EMx Reg File 
Microcode Reg File 



* The earlier systems are listed in "About This Book". Of these, 
the 850 has two ISPs. For each ISP, the order of saved registers 
is identical to the order shown for the rest of the 50 Series. 



Note 



This is a restricted instruction. 
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^ I R, address 

Interchange Register aad Memory Fullword 
10 1 ER\3 TM\2 SR\3 BR\2 
[ DISPIACEMENT\16 ] 

Calculates an effective address, EA. Interchanges the 32-bit value 
contained in the specified R with the 32-bit val\ie contained in the 
location specified ty EA. Leaves the values of CBIT, LINK, and the 
coalition codes unchanged. 



Note 

The I instruction is non-atomic, and, especially for 
dual-stream processors, cannot be used for spin-locks. In 
these cases, use the STCD instruction instead. 

This instruction also has a register-to-register form. See 
Appendix B for more infontation. 



► ICBL r 

Interchange BjTtes and Clear Left 
011000 R\3 0110101 

Interchanges bits 1 to 8 and bits 9 to 16 of the specified r, then 
loads into bits 1 to 8 of r. Leaves the values of CBIT, LINK, and 
the condition codes unchanged. 



^ ICBR r 

Interchange B37tes and dear Right 
011000 R\3 0110110 

Interchanges bits 1 to 8 and bits 9 to 16 of the specified r, then 
loads zeros into bits 9 to 16 of r. Leaves the values of CBIT, LINK, 
and the condition codes unchanged. 



^ ICHL R 

Interchange Halfwords and Clear Left 
011000 R\3 0110000 

Interchanges the contents of bits 1 to 16 and bits 17 to 32 of the 
specified R, then loads zeros into bits 1 to 16 of R. leaves the 
values of CBIT, LINK, and the condition codes unchanged. 
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^ ICHK R 

Interchange Halfwords aM Clear Right 
011000 R\3 0110001 

Interchanges the contents of bits 1 to 16 and bits 17 to 32 of the 
specified R, then loads zeros into bits 17 to 32 of R. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



► ICP R 

Increment C Pointer 
011000 R\3 1110111 

Increments the C language pointer in the specified R ty l byte. 
Incrementing the largest offset adds 1 to the segment number. 
Incrementing the largest segment niunber with the largest offset 
generates a pointer to segment 0, offset 0, byte 1. Leaves the CBIT, 
LINK, and the condition codes unchanged. (For G pointer details, see I 
Mode in Chapter 1 and 52 I Mode in Appendix B of this guide. ) 

Note 

If ICP is used for any earlier system listed in "About This 
Book", an imimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the Ss^stem ArcMtecture Reference Guide . ) 



► IH r, address 

Interchange r and Memory Halfword 
10 10 1 m\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Interchanges the valrie contained 
in the specified r with the 16-bit value contained in the location 
specified by EA. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



Note 

The IH instruction is non-atomic, and, especially for 
dual-stream processors, cannot be used for spin-locks. In 
these cases, use the STGH instruction instead. 

This instruction also has a register-to-register form. See 
Appendix B for more information. 
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► IHl r 

Increment r by 1 

011000 R\3 1010110 



Increments the contents of the specified r by 1 and stores the result 
in r. An overflow ca\ises an integer exception. If no integer 
exception occurs. CBIT is reset to 0. UM. reflects the state of the 
caxry. The condition codes reflect the result of the operation. (See 
Appendix A.) 

If an integer exception occurs aiid bit 8 of the ke}^ contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer reception fa\at. See Qiapter 10 
of the System Architecture Reference Guide for more information. 



^ IH2 r 

Increment r by 2 

011000 R\3 1010111 

Increments the contents of the specified r by 2 and stores the result 
in r. An overflow causes an integer exception to occur. If no integer 
exception occurs, CBIT is reset to 0. LINK reflects the state of the 
carry. The condition codes reflect the result of the operation. (See 
Appendix A.) 

If an integer exception occurs and bit 8 of the Tseys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



^ IM address 

Increment Memory Fullword 
100110000 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Adds 1 to the 32-bit integer contained in the specified location and 
stores the result bacik in the specified location. Leaves the values of 
LINK and CBIT unchanged. The condition codes reflect the result of the 
operation. (See Appendix A. ) 
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^ IMH address 

Increment Memory Kalfword 
101110000 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Adds 1 to the 16-bit integer contained in the specified location atxi 
stores the result back in the specified location. Leaves the valvies of 
LINK and CBIT unchaxiged. The condition codes reflect the result of the 
operation. (See Appendix A.) 



^ INBC address 

Interrupt Notify Beginning, Clear Active Interrupt 

0000001010001111 

AP\32 

Notifies a semaphore at the specified address during phantom interrupt 
code. Restores the state of the interrupted process by loading bits 1 
to 16 of PB, bits 17 to 32 of the program counter, and the keys from 
microcode temporary registers PSWPB and PSWKEYS. Places the notified 
process at the beginning of the appropriate priority level queue. 
Issues a GAI pulse to clear the currently active interrupt, and enables 
interrupts . 

The values of CBIT. LINK, and the condition codes are indeterminate. A 
process exchange will occur if the notified process is of a higher 
priority than the interrupted process. See Chapter 9 of the System 
Architecture Reference Guide for more information. 



Note 

INBC is a restricted instruction. 

This instruction is normally used to transfer from phantom 
interrupt code to an interrupt process. See Chapter 10 of the 
Ss^tem Architecture Reference Guide for more Information. 



► INBN address 

Interrupt Notify Beginning 

0000001010001101 

AP\32 

Notifies a semaphore at the specified address during phantom interrupt 
code. Restores the state of the interrupted process lay loading bits 1 
to 16 of PB, bits 17 to 32 of the program counter, and the kejTS from 
microcode temporary registers PSWPB and PSWKEYS. Places the notified 
process at the beginning of the appropriate priority level queue, and 
enables interrupts. Does not issue a GAI pulse to clear the currently 
active interrupt. 
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The values of CBIT, LINK, and the condition codes are indeterminate. A 
process exchange will occur if the notified process is of a higher 
priority than the interrupted process. See Qiapter 9 of the System 
Architectuxe Reference Guide for more information. 



Note 



INBN is a restricted instruction. 



This instruction is normally used to transfer from phantom 
interrupt code to an interrupt process. See Chapter 10 of the 
System Architectuie Reference Guide for more information. 



► INEC address 

Interrupt Notify End, Clear Active Interrupt 

0000001010001110 

AP\32 

Notifies a semaphore at the specified address diiring phantom interrupt 
code. Restores the state of the interrupted process ty loading bits 1 
to 16 of PB, bits 17 to 32 of the program counter, and the keys from 
microcode temporary registers PSWPB and PSVIKMS. Places the notified 
process at the end of the appropriate priority level queue. Issues a 
GAI pulse to clear the currently active interrupt, and enables 
interrupts. 

The values of CBIT, LINK and the condition codes are indeterminate. A 
process exchange will occur if the notified process is of a higjier 
priority than the interrupted process. See Chapter 9 of the System 
ArcMtecture Reference Guide for more information. 



Note 

INEC is a restricted instruction. 

This instruction is normally used to transfer from phantom 
interrupt code to an interrupt process. See Chapter 10 of the 
System Architecture Reference Guide for moi?e information. 



^ INEN address 

Interrupt Notify End 

0000001010001100 

AP\32 

Notifies a semapihore at the specified address during phantom interrupt 
code. Restores the state of the interrupted process fcy loading bits 1 
to 16 of PB, bits 17 to 32 of the program counter, and the keys from 
mi n-pnonrifi tATnTv-iT-a.Tv re<yisters PSWPB and PSV?KEYS. Places the notified 
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process at the end. of the appropriate priority level queue, aM enaiiles 
interrupts. Does not issue a GAI pulse to clear the currently active 
interrupt . 

The values of CBIT, LINK, and the condition codes are indeterminate. A 
process exchange will occur if the notified process is of a higher 
priority than the interrupted process. See CJhapter 9 of the System 
ArchLtecture Reference Guide for more information. 



Note 

This is a i«stricted instruction. 

This instruction is normally vised to transfer from phantom 
interrupt code to an interrupt process. See Chapter 10 of the 
S;5^tem Architecture Reference Guide for more information. 



^ IM 

Inhibit Interrupts 
0000001000000001 

Inhibits interrupts by resetting bit 1 of the modals to 0. Inhibits 
interrupts until an enable interrupts instruction executes. The 
processor ignores any interrupt requests that are made over the I/O 
bus. This instruction takes effect immediately. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



Note 



This is a 3?estricted instruction. 



^ INHL 

Inhibit Interrupts (Local) 
0000001000000001 

This 850 instruction performs the same ax?tions as INH does. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



Note 



INHL is a restricted instruction. 
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Inhibit Interrupts (Mutual) 
0000001000000000 



For the 850, a processor checks the availability of the mutual 
exclusion lock. If available, the processor sets this lock and 
inhibits interrupts. Otherwise, it waits for the lock to be released 
by the other processor and then sets the lock and inhibits interrupts. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 



Note 



This is a restricted instruction. 



► INHP 

Inhibit Interrupts (Process) 
0000001000000010 

For the 850, a processor checks the availability of the process 
exchange lock. If available, the processor sets it and inhibits 
interrupts. Otherwise, it waits for the lock to be released by the 
other processor, and then sets the lock and inhibits interrupts. It 
also inhibits interrupts in the local processor. Leaves the valvies of 
CBIT, LINK, and the condition codes unchanged. 



Note 



This is a restricted instruction. 



^ INK r 

Input Ke3^ 

011000 R\3 0111000 

Loads the contents of the I mode keys into the specified r. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. Reads the 
low-order 8 bits of the S register along with the high-order 8 bits of 
the keys register. 



^ INT f ,R 

Convert Floating Point to Integer 
011000 R\3 100F011 

Converts the double precision floating-point number contained in the 
specified floating accumulator to a 32-bit integer and stoics the 
result in R. Ignores the fractional part of the floating-point nvimber. 
For example, -Hi. 5 is converted to +4 and -4.5 is converted to -4. 
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Overflow occurs if the value in the floating accumulator is less thaa 
-2**31 or greater than (2**31)-1. An overflow causes a floating-point 
exception. If no floating-point exception occurs, CBIT is reset to 0. 
The values of LINK and the condition codes are indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for iruDre 
information. 



^ INTH f,r 

Ctonvert Floating Point Number to Halfword Integer 
01 1000R\3 100F001 

Converts the double precision floating-point number contained in the 
specified floating accumulator to an integer and stores the result in 
r. Ignores the fractional portion of the floating-point number. For 
example, +4.5 is converted to 44 and ^.5 is converted to ^. Overflow 
occurs if the value in the floating accumulator is less than -2**15 or 
greater than (2**15)-1. An overflow causes a floating-point exception. 
If no floatijng-point exception occurs, CBIT is reset to 0. 

At the end of this instruction, the contents of R bits 17 to 32 are 
indeterminate. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 in the keys contains 1, 
the instruction sets CBIT to 1. If bit 7 contains 0, the instruction 
sets CBIT to 1 and causes a floating-point exception fault. For more 
information, see Chapter 10 of the System ArGhitectnre Reference Guide . 



^ IRl R 

Increment Register iy 1 
011000 R\3 1010010 

Increments the contents of the specified R ty 1 aai stores the result 
in R. An overflow causes an integer exception fault. If no integer 
exception occurs, CBIT is reset to 0. LINK contains the carry-out bit. 
The condition codes reflect the result of the operation. (See AppendLx 
A.) 

If an integer exception occurs and bit 8 in the keys contains 0, the 
IRl instruction sets CBIT to 1. If bit 8 contains 1, the instruction 
sets CBIT to 1 and ca-uses an integer exception fault. (See Chapter 10 
of the System Architecture Reference Guide .) 
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Increment Register ty 2 
011000 R\3 1010011 

Increments the contents of the specified R by 2 and stores the result 
in R. An overflow causes an integer exception faiolt. If no integer 
exception occurs, CBIT is reset to 0. LINK contains the carry-out bit. 
The condition code contains the ]?esult of the operation. (See Appendix 
A.) 

If an integer exception occurs and bit 8 in the ke37S contains 0, the 
instruction sets CBIT to 1. If bit 8 contains 1, the instruction sets 
CBIT to 1 and causes an integer exception fa'ult. For more information, 
see Qiapter 10 of the System Architecture Reference Guide . 



► IRB r 

Interchange r Bytes 
011000 R\3 0110100 

Interchanges bits 1 to 8 and bits 9 to 16 of the specified r. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



^ IRH R 

Interchange Register Halves 
011000 R\3 0101111 

Interchanges the contents of bits 1 to 16 and bits 17 to 32 of the 
specified R. Leaves the values of CBIT, LINK, and the condition codes 
xmchanged. 



^ IRTC 

Interrupt Return, Clear Active Interrupt 
0000000110000011 

Returns from an interrupt. Restores the state existing before the 
interrupt by loading bits 1 to 16 of PB, bits 17 to 32 of the program 
oounter, and the keys from the valiies saved in microcode temporary 
registers PSWFB and PSWKEYS. Issues a GAI pulse to clear the currently 
active interrupt, and enables interrupts. 



Note 



IRTn is a restricted instruction. 
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► IRTN 

Interrupt Retvim 
0000000110000001 

Retijms from an interrupt. Restores the state existing before the 
interrupt ty loading bits 1 to 16 of PB, bits 17 to 32 of the program 
cjounter, and the keys from the values saved In microcode temporary 
registers PSWPB and PSWKEYS, and enables interrupts. Does not issue a 
CAI pulse to clear the currently active Interrupt. 



Note 



This is a restricted instruction. 



^ ITLB 

Invalidate STLB Entry 
0000000110001101 

Invalidates the STLB entry that corresponds to the virtual address 
contained in (312. The values of CBIT, LINK, and the condition codes 
are indeterminate. You must execute this Instruction whenever yaa. 
change the page table entry for the given address. 

If you change an SDW or DTAR (ejqjlained in Chapter 4 of the System 
Architecttire Reference Guide ), you usually have to invalidate the 
entire STLB ty issuing the Instruction PTLB. A in the segment number 
portion of GR2 invalidates the lOTLB entry corresponding to the address 
specified hy GR2. 



Note 



This is a restricted instruction. 
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tJWP address 

Juntp 

101110001 TM\2 SR\3 BR\2 

DISPLACEMENT\16 



Calculates an effective address, EA, and loads it into the program 
counter. Leaves the values of CBIT, LINK, and the condition codes 
\mGlianged. 



^ JSR r, address 

Jump to Subroutine 

1110 11 m\3 TM\2 SR\3 BR\2 

DISPLACEMENT\16 

Calculates an effective address, EA. Saves the 16-bit halfword nuiiiber 
position of the retiim address in the specified r. Loads the program 
counter with the current segment location specified iy bits 17 to 32 of 
the EA. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



Note 

This instruction is Tiseful for calling routines within the 
current segment only. 



^ JSXB address 

Jump and Save in XB 
110110001 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Loads the contents of the program 
counter into XB. Loads EA into the program counter. Leaves the values 
of CBIT, LINK, and the condition codes unchanged. 



Note 

JSXB can make subroutine calls outside the current segment as 
well as within. 
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► L R, address 
Load Full Word 

1 ER\3 TM\2 SR\3 BR\2 
[ DISPLACEayIENT\16 ] 

Calculates an effective address, EA. Loads EA into the specified 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 



Note 

This instruction also has a register-to-register and an 
iiranediate form. See Appendix B for more information. 



► LOG r, address 
Load C Qiaracter 
10 10 1 m\3 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates a C language pointer and uses it to load a single character 
into bits 9 to 16 of the specified r. If bit 4 of the C pointer 
contains 0, bits 1 to 8 of the location contain the character to be 
loaded; if bit 4 of the pointer contains 1, bits 9 to 16 of the 
location contain the character. 

Clears bits 1 to 8 of r, but leaves bits 17 to 32 of R unchanged. Sets 
the condition code BQ to 1 (indicating equal to 0) when is loaded; 
resets BQ to (indicating not equal to zero) for all other characters. 
The state of the LT condition code is indeterminate. Testing the 
results shoiiLd be done using either BCEQ or BGNE branches only. Leaves 
the values of CBIT and LINK unchanged. 



Note 

The LOG instruction is valid only for general register relative 

and indirect forms of address formation. Other forms of 

address formation (including indexing) do not reliably generate 
the C language pointer. 

In particular, do not \ase the register-to-register or immediate 
form with the LOG instruction because it would be interpreted 
as a OCP instruction. (LOC and CCP share the same opcode, but 
OCP uses the register-to-register form; the imroediate form of 
OCP is undefined, but the preferred implementation is a UII 
(tmimplemented ii^truction.) 

Direct addressing, however, will obtain the first tyte (of two) 
pointed to by the effective address. This assumes that the 
base register vised was loaded with a conventional 32-bit IP 
with, the E bit reset. 
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If LOG is used for any earlier sjrstem listed in "About This 
Book", a UII fault occurs. (See Qiapter 10 of the System 
Architecture Reference Guide.) 



^ LCBQ r 

Load Register on Condition Code BQ 
011000 R\3 1101011 

If the condition codes reflect an equal to condition, the instruction 
loads the specified r with a 1. If they reflect a not equal to 
coixiition, the instruction loads r with a 0. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



^ LOGE r 

Load Register on Condition Code GE 
011000 R\3 1101100 

If the condition codes reflect a greater than or equal to condition, 
the Instruction loads the specified r with a 1. If they reflect a less 
than condition, the instruction loaxis r with a 0. Leaves the values 
of CBIT, LINK, aj3d the condition codes unchanged. 



^ Lac?r r 

Load Register on Condition Code GT 
011000 R\3 1101101 

If the condition codes reflect a greater than condition, the 
instruction loads the specified r with a 1. If they reflect a less 
than or equal to condition, the instruction loads r with a 0. Leaves 
the values of CBIT, LINK, and the condition codes unchanged. 



► LGLE r 

Load Register on Condition Code LE 
011000 R\3 1101001 

If the condition codes reflect a less than or equal to condition, the 
instruction loads the specified r with a 1. If they reflect a greater 
than condition, the instruction loads r with a 0. Leaves the values 
of CBIT, LINK, and the condition codes unchanged. 
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^ LCLT r 

Load Register on Condition Code LT 
011000 R\3 1101000 

If the condition codes reflect a less than condition, the instruction 
loads the specified r with a 1. If they reflect a greater than or 
equal to condition, the instruction loads r with a 0. Leaves the 
values of CBIT, LINK, and the condition codes imchanged. 



^ LCNE r 

Load Register on Coiidition Code NE 
011000 R\3 1101010 

If the condition codes reflect a not equal to condition, the 
instruction loads the specified r with a 1. If they reflect an equal 
to condition, the instruction loads r with a 0. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



^ LDAR R, address 

Load Addressed Register 

10 10 m\3 TM\2 SR\3 BR\2 

DISPLACEMENT\16 

Calculates a 32-bit (1-word) effective address, EA. Loads the 
specified R with the contents of the register file location specified 
hy the offset portion of EA. Bit 2 aixd bit 12 of the offset portion of 
EA determine the actions of this instruction. 



Bit 2 Bit 12 Action 

I* Ignore bits 1 and 3 to 9. The offset portion of 

EA specifies an absolute register nimber from 
to '377. 

0* 1 Bits 13 to 16 Of the offset portion of EA 
specify one of the registers '20 to '37 in the 
current register set. 

Bits 13 to 16 of the offset portion of EA 
specify one of the registers to '17 in the 
current register set. 

*This is a restricted instruction. 



leaves the values of CBIT and LINK unchanged; the values of the 
condition codes are indeterminate. See Chapter 9 of the System 
Architecture Reference Guide for more information about register sets. 
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Note 

If the current ring is not and EA is outside the range of 
to '17, inclusive, any access causes an RXM violation. 



► LDC flr,r 

Load Character 

011000 R\3 111FIil010 

If the contents of the specified Flil are nonzero, the instruction 
fetches the single character pointed to ty the appropriate FAR and 
loads it into bits 9 to 16 of r. 'When the FAR's bit field contains 0, 
it specifies the left tyte (bits 1 to 8) of the 16-bit addressed 
quantity; when the bit field contains 8, the right byte (bits 9 to 16) 
is specified. This instruction loads zeros into bits 1 to 8 of r. 
Updates the contents of the FAR ty 8 (one byte) so that they point to 
the next character. Decrements the contents of the specified FIH ty 1. 
Sets the condition codes to NE. Leaves the values of GBIT and LINK 
unchanged. 

If the contents of the specified FIR are 0, the Instruction sets the 
condition codes to BQ. 



Note 

This instruction uses FARO when FIBD is specified, and FARl 
when FIRl is specified. 



► LEQ R 

Load Register on Equal to 
011000 R\3 0000011 

If the contents of the specified R are equal to 0, the instruction 
loads r with a 1. If not equal to 0, the instruction loads r with a 0. 
Leaves the values of LINK aai CBIT unchanged. The condition codes 
reflect the result of the comparison. (See Appendix A.) 



^ LF r 

Logic Set False 

011000 R\3 0001110 

Loads the specified r with 0. Leaves the values of LINK and CBIT 
unchanged. The values Oj. tue conuiuxon Ci_«-i.6S are i nneterml nape . 
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^ LFB? f ,r 

Load Register on Floating Accumulator Equal to 
011000 R\3 001F011 

If the contents of the specified floating aocuimilator axe equal to 0, 
the instruction loads the specified r with, a 1; if not equal to 0, the 
instruction loads r with a 0. Leaves the values of LINK and CBIT 
unchanged. The condition codes reflect the result of the coitvpaxison. 
(See Appendix A. ) 

LFBQ works correctly only on normalized or nearly normalized ninnbers, 
because it checks fraction bits 1 to 32 only for equal to aM less 
than 0. (See the System Architecture Reference Guide , Chapter 6.) 



^ LPGE f.r 

Load Register on Floating Accumulator Greater Than or Equal to 
011000 R\3 001F100 

If the contents of the specified floating accumulator are greater than 
or equal to 0, the instruction loads the specified r with a 1; if less 
than 0, the instruction loads r with a 0. Leaves the valxies of LINK 
and CBIT unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A. ) 

LFGE works correctly only on normalized or nearly normalized numbers, 
because it checks the first 32 fraction bits only for equal to zero and 
less than zero. (See Chapter 6 in the System Architecture Reference 
Guide.) 



► LPGT f ,r 

Load Register on Floating Accumulator Greater Than 
011000 R\3 001F101 

If the contents of the specified floating accumulator are greater than 
0, the instruction loads the specified r with a 1; if less than or 
equal to 0, the instruction loads r with a 0. Leaves the values of 
LINK and CBIT unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A. ) 

LPGT works correctly only on normalized or nearly normalized numbers, 
because it checks the first 32 fraction bits only for equal to zero aixi 
less than zero. (See Qiapter 6 in the System Architecture Reference 
Guide.) 
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^ LFLE f ,r 

Load. Register on Floating Accuinulator Less Than or Equal to 
011000 R\3 001F001 

If the contents of the specified floating accuimilator are less than or 
equal to 0, the instruction loais the specified r with a 1; if greater 
than 0, the instriaction loads r with a 0. Leaves the values of LINK 
and CBIT unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A.) 

LFLE works correctly only on normalized or nearly normalized nuntoers, 

becaijse it checks thje first 32 fraction bits only for equal to zero and 

less than zero. (See Chapter 6 in the System Architecture Reference 
Guide.) 



^ LFLI fir, data 

Load FUR Immediate 

OOOOOOlOllOOFOll 

INTEGER\16 

Loads the 16-bit, unsigned integer contained in bits 17 to 32 (the 
second halfword) of the instruction into the specified FIJI. Clears the 
upper bits of the FW.. Leaves the values of CBIT, LINK, the condition 
codes, and the associated FAR unchanged. 



► LFLT f,r 

Load Register on Floating Accuimilator Less Than 
01 1000R\3 001F000 

If the contents of the specified floating accumulator are less than 0, 
the instruction loads the specified r with a 1; if greater than or 
equal to 0, the instruction loads r with a 0. Leaves the values of 
LINK and CBIT unchanged. The condition codes reflect the result of the 
comparison. (See Appendix A.) 

LFLT works correctly only on normalized or neaxly normalized nunibers, 
because it checks the first 32 fraction bits only for equal to zero and 
less than zero. (See Chapter 6 in the System Architecture Reference 
Guide.) 



^ LFNE f,r 

Load Register on Floating Accumulator Not Equal to 
011000 R\3 001F010 

If the contents of the specified floating accumulator are not equal to 
0, LFNE loads the specified r with a 1; if equal to 0, LFNE loads r 
with a 0. Leaves the values of LINK and CBIT unchanged. The condition 
codes reflect the result of the compaTlson. (See Appejidix A,) 
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LFNE works correcjtly only on normalized or neaxly normalized n-umbers, 
becaxise it dheciks the first 32 fraction bits only for equal to zero aixi 
less than zero. (See Qiapter 6 in the System ArGhitecture Reference 
Guide.) 



^ USER 

Load Register on Greater Than or Equal to 
011000 R\3 0000100 

If the contents of the ^)ecified R axe greater than or equal to 0, the 
instruction loaxJs r with a 1; if less than 0, the instruction loads r 
with a 0. Leaves the valvies of LINK and CBIT unchanged. The condition 
codes reflect the result of the comparison. (See Appeixiix A. ) 



► LGT R 

Load Register on Greater Than 
01 1000 R\3 0000101 

If the contents of the specified R are greater than 0, the instruction 
loads r with a 1; if less than or equal to 0, the instruction loaxis r 
with a 0. Leaves the values of LINK and CBIT unchanged. The condition 
codes reflect the resiiLt of the comparison. (See Appen±Lx A. ) 



^ LH r, address 
Load HELLfword 

10 1 ER\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Loads the 16-bit contents 
contained in the location specified by EA into r. Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



Note 

IJI also has a register-to-register and an immediate form. (See 
Appendix B.) 



^ LHEQ r 

Load r on BQ 

011000 R\3 0001011 

If the contents of the specified r are equal to 0, the instruction 
loads r with a 1; if not equal to 0, the instruction loads r with a 0. 
leaves the values of LINK and CBIT unchanged. The condition codes 
reflect the result of the comparison. (See Appendix A.) 
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LHGE r 

Load, r on GE 

011000 R\3 0000100 



If the contents of the specified r axe greater than or equal to 0, the 
instruction loads r with a 1; if less than 0, the instruction loads r 
with a 0. Leaves the values of LIMK aM CBIT unchanged. The condition 
codes reflect the result of the comparison. (See Appendix A. ) 



► LHGT r 

Load r on GT 

011000 R\3 0001101 

If the contents of the specified r are greater than 0, the instruction 
loads r with a 1; if less than or equal to 0, the instruction loads r 
with a 0. Leaves the valiies of LOK and CBIT xmchanged. The condition 
codes reflect the result of the comparison. (See Appendix A. ) 



^ LHLl r, address 

Load Halfword Shifted Left ty 1 
10 ER\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Shifts the contents of the 
location specified by EA left one bit and stores the result in the 
specified r. (Shifts zero into the vacated bit.) Leaves the values of 
CBIT, LINK, and the condition codes unchanged. 



Note 
LHLl also has a register-to-register form. (See Appendix B.) 



^ IIIL2 r, address 

Load Halfword Shifted Left by 2 
110 m\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Shifts the 16-bit contents of the 
location specified ty EA left two bits and stoics the result in the 
specified r. (Shifts zeros into the vacated bits.) Leaves the values 
of CBIT, LINK, and the condition codes unchanged. 



Note 
LULfi also has a register-to-3?egister form. (See Appendix B.) 
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► LEIL3 r, address 

Load Halfword Shifted Left by 3 
1110 1 ER\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Shifts the 16-bit contents of the 
location specified ty EA left three bits and stores the result in the 
specified r. (Shifts zeros into the vacated bits.) Leaves the valvies 
of CBIT, LINK, and the condition codes unchanged. 



Note 

LHL3 also has a register-to-register form. (See Appendix B. ) 

If LHL3 is used for any earlier system listed in "About This 
Book", an unlmplemented instruction (UII) faiilt occurs. (See 
Chapter 10 of the System Architecture Reference Guide . ) 



► LHLE r 

Load r on LE 

011000 R\3 0001001 

If the contents of the specified r are less than or equal to 0, the 
instruction loads r with a 1; if greater than 0, the instruction loads 
r with 0. Leaves the values of LINK aM CBIT unchanged. The condition 
codes reflect the result of the comparison. (See Appendix A. ) 



► LHLT r 

Load r on LT 

011000 R\3 0000000 

If the contents of the specified r are less than 0, the instruction 
loads r with a 1; if greater than or equal to 0, loads r with a 0. 
leaves the values of LINK and CBIT unchanged. The condition codes 
reflect the result of the comparison. (See Appendix A. ) 



^ LHNE r 

Load r on NE 

011000 R\3 0001010 

If the contents of the specified r are not equal to 0, the instruction 
loads r with a 1; if equal to 0, the instruction loads r with a 0. 
leaves the values of LINK aixi CBIT unchanged. The condition codes 
reflect the result of the comparison. (See Appendix A. ) 
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^ LIOT address 
Load lOHiB 

0000000000100100 
AP\32 

Loaxis a specified lOaioB entry. Taile 3^ shows the contents of the 
LIOT entry and the origin of the infoimation. The values of CBIT. 
LINK, aaxi the condition codes are indeterminate. 



Table 3-4 
LIOT Data 



Origin 



I Description 



I 



I 



AP in LIOT 
Page taJDle 

(312 register 



Virtual address in I/O segment (calculated 
from the EA). 

Physical address (translation of the 
virtual address) obtained from I/O 
segment. If the fault bit is set 
to 1, a page fault occurs. 

Target virtual address. This is the 
segment number and page nuDiber of the 
virt\ial address that will be used ty 
procediores accessing this information. 
This is \ised to help invalidate the 
proper locatioPiS in the cache. The 
segment niimber and the low-order 10 
bits (offset number in the page) are 
ignored. 



Note 



This is a restricted instruction. 



► LIP R. address 

Load Indirect Pointer 

110 10 1 m\3 TM\2 SR\3 BR\2 

[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Loads the value contained in the 
location specified by EA into the specified R. Checks these contents 

for a pointer fatilt. 

This pointer fault is generated when the contents of the memory 
location to be loaded into the specified R contain a pointer fault (bit 

1 contains 1). 
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If this pointer fault occurs, the pointer to the memory location is 
saved in FACDR (SB + 11) as well as bits 1 to 16 of the contents of 
that memory location TOQDEH (SB + 10). After completion of the fault 
handling mechanism, the instruction can be re-executed. (See Chapter 
10 of the System Architecture Reference Guide . ) 

Leaves the values of CBIT, LINK, and the condition codes unchanged. 

Note 

LIP should weaken the ring field against the ring field of the 
effective address. This is not done on some current 
processors, but will be done on all future processors. 

If LIP is used for any earlier ^stem listed in "About This 
Book", an uniiivplemented instruction (UII) fa\3lt occurs. (See 
Chapter 10 of the System ArcMtecture Reference Guide . ) 



^ LLB R 

Load Register on Less Than or Equal to 
011000 R\3 0000001 

If the contents of the specified R are less than or equal to 0, the 
instruction loads r with a 1. If the contents of R are greater than 0, 
the instruction loads r with a 0. Leaves the values of LINK and CBIT 
unchanged. The condition codes reflect the result of the comparison. 
(See Appendix A. ) 



► LLT R 

Load Register on Less Than 
011000 R\3 0000000 

If the contents of the specified R are less than 0, the instruction 
loads r with a 1. If the contents of R are greater than or equal to 0, 
the Instruction loads r with a 0. Leaves the values of LINK and CBIT 
unchanged. The condition codes reflect the result of the comparison. 
(See Appendix A. ) 



^ LNE R 

Load Register on Not Equal to 
011000 R\3 0000010 

If the contents of the specified R are not equal to 0, the insti-uction 
loads r with a 1; if equal to 0, the instruction loads r with a 0. 
Leaves the values of LINK and CBIT unchanged. The coixiition codes 
reflect the 3?esult of the comparison. (See Appendix A. ) 
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^ LPID 

Load Process ID 
0000000110001111 

Loads the process ID from bits 1 to 10 of GR2 into RPID (the process ID 
register, which contains the 10 most significant bits of the user's 
address space). Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 

The RPID data is used to update the process ID field of an STLB entry 
as required. This RPID data is later used during subsequent memory 
accesses to verify that STLB data is still valid (STLB hit) or not 
(STLB miss). This register is for internal machine operation, and 
should not normally be modified by the user. 



Note 



LPID is a restricted instruction. 



^ LPSW address 
Load PSW 

0000000111001001 
AP\32 

Changes the status of the processor by loadi n g new values into the 
program counter, keys, and modals. Inhibits interrupts for one 
instruction. 

Addresses a 64-bit (4-halfword) block at the specified location. The 
block has the following format. 

Offset in Block Contents 

1 to 2 New program counter (ring, segment, offset numbers) 

3 New keys 

4 New modals 



Loads the program counter aixi keys of the currently running process 
with the contents of the first three offsets (bits 1 to 48), then loads 
the processor modals with the contents of the fourth offset (bits 49 to 
64). 

Wie new value of bit 15 in the keys, the in-dispatch bit, can 
temporarily halt execution of the current process. This bit is altered 
by software only during a cold or a warm start. If bit 15 is 0, the 
currently executing process will continue to execute, bat at a location 
Hfi-finfiH Itv t.hp n(=>w va.lue of the rtro^ram counter. If bit 15 is 1, the 



-J 
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prcx)essor enters the dispatciher and dispatches the ready process with 
the highest priority. Vhen execution resumes for the process that was 
temporarily halted, execution resumes at the point defined by the value 
of the new program counter. 

Regardless of the value of bit 15, the new value of the medals takes 
effect iiranediately, since the modals are associated with the processor 
not the process. 

The LPSW instruction loads the 64 bits (four halfwoids) of the register 
set that the Srm instruction cannot correctly load. STDR does not 
update the separate hardware registers the processor uses to maintain 
duplicate information for optimization. Never use the LPSW instruction 
to change bits 9 to 11 of the modals. These bits specify the current 
user register set. This means that if you do not know the current 
value of these bits, you must do the following each tiine you want to 
execute an LPSW: 

1. Inhibit interrupts. 

2. Read the current values of modal bits 9 to 11 with an lUH '24 
instruction. 

3. Mask the old values of the modal bits into the new information. 

4. Load the new information into the modals with an LPSW. 

For the two common uses of LPSW, you do not have to perform this 
sequence, since the values of modal bits 9 to 11 are predictable. When 
you use LPSW after a Master dear to turn on processor exchange mode, 
bits 9 to 11 are 010 because the processor is always initialized to 
register set 2. When you use LPSW to return from a fault, check, or 
interrupt, slurply reload the values stored by the break because these 
values are still correct. 

You should not use LPSW to set bits 16 (the save-done bit) or 15 (the 
in-dispatcher bit) of the keys, unless you are merely loading status 
following a fault, check, or interrupt. When issuing LPSW after a 
Master dear, make s\ire you load zeros into both of these bits. 



Note 



This is a restricted instruction. 



► LT r 

Logic Set True 

011000 R\3 0001111 

loads the specified r with 1. Leaves the values of LINK and CBIT 
unchanged. The values of the condition codes are Indeterminate. 
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^ M R, address 

Multiply Fullword 

10 10 ER\3 TM\2 SR\3 BR\2 

[ DISPIACEMENT\16 ] 



Calculates an effective address. EA. Multiplies the 32-bit value 
contained in the location specified by EA by the 32-bit value contained 
in the specified R. Stores the 64-bit result in the specified R and 
R+1. The least significant bit of the result is contained In bit 32 of 
R+1. The 150/250, 450/550/250-11, I450-II, and 2250 processors leave 
the CBIT and LINK unchanged. The other 50 Series processors reset the 
value of the OBIT to and leave the value of LINK indeterminate. For 
all 50 Series processors, the condition codes are unchanged. This 
instruction cannot oa\ise an overflow or generate an integer exception. 



Note 

R must be an even nixonbered register. 

This instruction also has a register-to-register and an 
aitimediate form. See Appendix B for more infoimation. 



^ MH r, address 

Multiply Halfword 

1 1 1 R\3 TM\2 SR\3 BR\2 

[ DISPLACEMENT\16 3 

Calculates an effective address, EA. Multiplies the 16-bit value 
contained in the location specified iy EA by the 16-bit value contained 
in the specified r. Stores the 32-bit result in R. Bit 32 of R 
contains the least significant bit of the result. The value of the 
CBIT is reset to 0. The value of LINK is indeterminate, and the 
condition codes are uncharged. This Instruction cannot cause an 
overflow or generate an integer exception. 



Note 

MH r also has a register-to-register and an immediate form. 
See Appendix B for more information. 
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^ N R, address 
AND Fullword 

11 m\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 

Calculates em effective address, EA. Logically ANDs the value 
contained in the specified R with the 32-bit value contained in the 
location specified ty EA. Stores the result in the specified R. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 



Note 

This instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



► NFYB address 

Notify to Beginning 

0000001010001001 

AP\32 

Notifies on semaphore at a d d r ess specified in second and third 
halfwords of the instruction. Uses LIPO (last in, first out) queueing. 
Does not clear the currently active interrupt. The values of CBIT, 
LINK, and the condition codes are indeterminate. For more information, 
see Chapter 9 of the System Architecture Reference Guide . 



Note 



This is a restricted instruction. 



► NFYE address 
Notify to End 

0000001010001000 
AP\32 

Notifies on semaphore at the address specified in second and third 
halfwords of the instruction. Uses FIFO (first in, first out) 
queueing. Does not clear the currently active interrupt. The values 
of CBIT, LINK, and the condition codes are indeterminate. For more 
information, see Chapter 9 of the System Architecture Reference Guide . 

Note 
This is a restricted instruction. 
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^ NH r, address 
AND Haafword 

10 11 m\3 TM\2 SR\3 BR\2 
[ DISPLACEMENT\16 ] 



Calculates an effective address, EA. Logically ANDs the value 
contained in the specified r with the 16-bit value contained in the 
location specified by EA. Stores the result in r. leaves the values 
of CBIT, LINK, and the condition codes unchanged. 

Note 

NH also has a register-to-register and an iintnediate form. See 
Appendix B for more information. 



^ NOP 

No Operation 
0000000000000001 

Does nothing. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 
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^ R, address 
CR Fullword 

10 11 ER\3 aM\2 SR\3 BR\2 
[ DISFLACEMENT\16 ] 

Calculates an effective address. EA. Logioally ORs the value contained 
in the ^)ecified R with the 32-bit value contained in the location 
specified ty EA. Stores the result in the specified R. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



Note 

This instruction also has a register-to-register acd. an 
immediate form. See Appendix B for more information. 



► OH r, address 
CR Halfword 

1 1 1 1 R\3 TM\2 SR\2 BR\2 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Logically ORs the value contained 
In the specified r with the 16-bit value contained in the location 
specified hy EA. Stores the result in r. Leaves the values of CBIT, 
LINK, and the condition codes unchanged. 



Note 

This instruction also has a 3?egister-to-register and an 
immediate form. See Appendix B for more information. 



► OTK r 

Output Keys 

011000 R\3 0111001 

Stores the contents of the specified r in the keys. Resets bits 15 to 
16 of the keys to 0. Loads CBIT, LINK, and the condition codes from 
the specified r as a result of the operation. If this instruction is 
executed in Ring 0, it inhibits interrupts during execution of the next 
instruction. 
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^ PCL address 
Procedure Call 

100110001 TM\2 SR\3 BR\2 
DISPLACEMENT\16 



See Chapter 8 of the System ArcMtecture Reference Guide for a complete 
description of this instruction. Sets CBIT, LINK, and the condition 
codes to the values contained in the EGB. 



Note 

When arguments axe to be transferred to the called procedure, 
this instruction uses (315 and GR7, destroying the previous 
contents of these registers. XB is updated if an AP has the S 
bit = 0. The contents of ORS, (317, and XB remain unchanged if 
no arguments are transferred. The contents of the condition 
codes, CBIT, and LINK are not correctly saved in the ECB along 
with the rest of the caller's keys. 



^ FID R 

Position for Integer Divide 
011000 R\3 0101010 

Positions a 3?egister for integer divide. Loads the contents of the 
specified R into R+1. Extends the sign of R (bit 1) into bits 2 to 32 
of R. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



Note 



R must be a even numbered register. 



^ Pim r 

Position r for Integer Divide 
011000 R\3 0101011 

Moves the contents of the specified r (bits 1 to 16 of R) into bits 17 
to 32 of R. Extends the contents of bit 1 of r into bits 2 to 16 of R. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 
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^ PIM R 

Position After Multiply 
011000 R\3 0101000 

Oiecks bit 1 of R+1 to see if it is the same as all the bits in the 
specified R, aM then moves the contents of R+1 into R. If bit 1 of 
R+1 was not the same as all the bits in R, an overflovz occurs which 
causes an integer exception. If no integer exception occurs. CBIT is 
reset to 0. The values of LINK and the condition codes are 
indeterminate . 

If an integer exception occurs and bit 8 in the keys contains 0, the 
PIM instruction sets CBIT to 1. If bit 8 contains 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. For more 
information, see Qiapter 10 of the System Architecture Reference Guide. 



Note 



R inust be an even numbered register. 



^ PIMH r 

Position r after ^fultiply 
011000 R\3 0101001 

Checks the contents of bit 17 of the specified R to see if it has the 
same value as do all of bits 1 to 16 of R, and then moves the contents 
of bits 17 to 32 into bits 1 to 16. If bit 17 was different from all 
of bits 1 to 16, an integer exception occurs. If no integer exception 
occurs, CBIT is reset to 0. The values of UNK and the condition codes 
are indeterminate. 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 

Note 

To position bits 17 to 32 of R in bits 1 to 16 of R, PIMH can 
modify all 32 bits of R, meaning that the contents of bits 17 
to 32 of R are indeterminate at the end of this instruction. 
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^ PRTN 

Prooedure Return 
0000000110001001 

Deallocates the stack frame created for the exBcutiug procedure axid 
returns to the environment of the procedure that called it. 

To deallocate the frame, the Instruction stores the current value of 
the stack base register into the free pointer. It then restores the 
caller's state ty loading the caller's program counter, stack base 
register, linkage base register, and keys with the values contained in 
the frame being deallocated. Sets bits 15 to 16 of the keys to 0. 

Loads the ring number in the program counter with the logical CR 
(weaker) of the saved program counter ring and the current ring number. 
This process prevents inward returns bat also allows returns from gated 
calls to work properly. 



^ PTLB 

Purge TLB 
0000000000110100 

GE12 contains the address of a physical page, right justified. Based on 
the value of GR2 bit 1, PTLB purges either the first 128 locations of 
the STLB (i.e., not the lOTliB), or a specified physical page. If GR2 
bit 1 contains a 1, the instruction performs a complete purge. If CS2 
bit 1 contains a 0, the instruction purges the page specified by (S(2. 
Leaves the values of CBIT, LINK, and the condition codes indeterminate. 
See Chapters 1, 4, and 11 of the System Arcbitectiire Reference Guide 
for more information about the STLB and lOTLB. 



Note 
This is a restricted instruction. 

On the 750, 850, 2350 to 9955 II, insert a CRE (Clear E) 
instruction before PTLB. Since PTLB uses E (GR3 in I mode) as 
a pointer, the CRE zeros GR3 before PTLB manipulates it. If an 
interrupt occurs during PTLB's execution, GR3 points to the 
location PTLB is currently purging. PTLB leaves the contents 
of GR3 in an undefined state at the end of its execution. 
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► QFAD address 

Quad Precision Flcjating Add. 
011110110 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Adds the 112-bit, quad, precision 
number contained in the locations specified hy EA to the contents of 
QAC. (See Chapter 6 of the System Architecture Reference Guide .) 
Normalizes the result, if necessary, and loads it into QAC. An 
overflow or underflow causes a floating-point exception. If no 
floating-point exception occurs, CBIT is reset to 0. The values of 
LINK aM the condition codes are loietenninate. 

If a floating-point exception occurs and bit 7 of the Tseys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide . 

Note 

If QFAD is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide . ) 



► QFG address 

Quad. Precision Floating Compaj?e 
100110111 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Compares the contents of QAC 
(explained in Chapter 6 of the System Architecture Reference Guide ) to 
the 112-bit contents of the location specified ty EA. Leaves the 
values of CBIT and LINK unchanged. Sets the condition codes (OC) to 
the outcome of the comparison as shown below. 

Condition OG 

Contents of QAC > contents of location specified by EA. GT 

Contents of QAC = contents of location specified iy EA. BQ 

Contents of QAC < contents of location specified ty EA. LT 

On some processors, QFC works correctly only on normalized numbers as 
follows. The comparison has a maximum of three sequential stages: 
first the signs, then the exponents, and finally the fractions of the 
two numbers axe compared for equality. If the comparison during any 
one of these stages reveals an inequality, the results are returned atxi 
the instruction ends. Unnormalized n-umbers are unexpected and produce 
unexpected results. Other processors act\:ially perform a subtract, 
resulting in a proper compaxison. 
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Note 



If QFC is used for any earlier sjrstem listed in "About This 
Book", an. unimplemented tnst ruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



^ QFCM 

Quad Precision Floating Complement 
1100000101111000 

Forms the two's complement of the value contained in QAC (See Chapter 
6 of the System Architecture Reference Guide . ) Normalizes the result, 
if necessary, and stores it in QAC. An underflow or overflow causes a 
floating-point exception. If no floating-point exception occurs, CBIT 
is reset to 0. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System ArcMtecture Reference Guide . 

Note 

If QFCM is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs, (bee 
Chapter 10 of the System Architecture Reference Guide . ) 



^ QFDV address 

Quad Precision Floating Point Divide 
100110110 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Divides the contents of QAC ty 
the 112-bit contents of the location specified by EA. (See Chapter 6 
of the System Architecture Reference Guide . ) Normalizes the result , if 
necessary, and stores the whole quotient into QAC. An overflow, 
underflow, or divide by to causes a floating-point exception. If no 
floating-point exception occurs, CBIT is reset to 0. The valties of 
LINK and the condition codes axe indeterminate. 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instmction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide . 
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Note 



If QFIN is used for any earlier system listed in "About This 
Book", em uimnplemented instruction (UII) favdt occurs. (See 
Qiapter 10 of the System Arohitecture Reference Guide.) 



^ QFLC address 

Quad Precision Floating Load 
011110100 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an extended, augmented effective address, EA. Performs one 
of the following actions with the value contained in the location 
specified lay EA. Loads bits 1 to 112 into QAC and zeros QAC bits 113 
to 128, or loads 128 bits into QAC. In either case, there is no 
normalization of the result. (See Chapter 6 of the System Architecture 
Reference Guide for more information.) Leaves the values of CBIT, 
LINK, and the condition codes unchanged. 



Note 

If QFLD is iised for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide . ) 



► QFMP address 

Quad Precision Floating Point Multiply 
100110101 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Multiplies the contents of QAC by 
the 112-bit contents of the location specified by EA. (See Chapter 6 
of the System Architecture Reference Guide .) Normalizes the result, if 
necessary, and stores it into QAC. An overflow or underflow causes a 
floating-point exception. If no floating-point exception occurs, CBIT 
is reset to 0. The values of LINK and the condition codes are 
indetenninate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fa-ult. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 
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Note 



If QFMP is used for any earlier system listed in "About This 
Book" , an unmplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Arcihitecture Reference Guide .) 



^ QFSB address 

Quad Precision Floating Point Subtract 
011110111 TM\2 SPAS BR\2. 
DISPLACEMENT\16 

Calculates an effective address, EA. SuMracts the 112-bit contents of 
the locations specified by EA from the contents of QAC. (See Chapter 6 
of the System Architecture Reference Guide . ) Normalizes the result , if 
necessary, and loads it into QAC. An overflow or underflow causes a 
floating-point exception. If no floating-point exception occurs, CHIT 
is reset to 0. The values of LINK and the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the instruction sets CHIT to 1. If bit 7 contains a 0. the 
instruction sets OBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guide for more 
information. 



Note 

If QFSB is \ised for any earlier system listed in "About This 
Book" , an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 



^ QFST address 

Quad Precision Floating Store 
011110101 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address. EA. Stores the contents of QAC into 
the 128 bits of memory specified ty EA. Leaves the values of KENK, 
GBIT, and the condition codes unchanged. 

Note 

QFST does not normalize the result before storing it into the 
specified memory location. 

If QFST is used for any earlier system listed in "About This 
Book" , an unimplemented Instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide .) 
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Quad to Integer, in Quad Convert 
1100000101111010 

Strips the fractional portion of QAC as described in T&ible 3-5. 



Table 3-5 
QUQ Actions 



Exponent Value I Action 

'337 <= Exp I No operation. 

I 

'200 < Exp < '337 I If Sign >= 0, strip fractional part of QAC 

I for result. 

I If sign < and fractional part <> 0, strip 

I fractional part of QAC aai increment 

I integer portion of QAC by 1. 

I If sign < and fractional part = 0, no 

I action is done. 

I 

'200 = Exp I If sign >= 0, result = 0. 

I If sign < and bits 2 to 96 = result = -1. 

I If sign < and bits 2 to 96 <> result = 0. 

I 

'200 > Exp I Result = 0. 



QINQ can cause a floating-point exception. This exception does not 
alter the contents of QAC. If no exception occurs, the instruction 
resets CBIT to 0. The values of LINK ard the condition codes are 
indeterminate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the ii^truction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the Ssrstem Architecture Reference Guide for more 
information. 



Note 

If QINQ is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Arohitecture Reference Guide . ) 
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Qoad to Integer, in Quad Convert Roixnded 
1100000101111011 

Strips the fraxjtional portion of QAC as described in TaJDle 3-6. 



Teible 3-6 
QIQR Actions 



Exponent Value I Action 



'337 <= Esq) I No operation. 



* 

** 



'177 < Exp < '337 I If sign >= 0, round. 

I If sign < and fractional pait <> 0.5, 

I round and strip the fractional paxt 

I of QAC. 

! 

Exp = '177 I If Sign >= 0, result = 0. 

I If sign < and bits 2 to 96 = 0, result = -1. 

1 If sign < and bits 2 to 96 <> 0, result = 0. 

I For all cases increment integer paxt ty 1 if 

I it exists and the most significant bit of 

I QAC = 1. 

I 

EKp < '177 i The result is 0. 



* Rounding occurs if the MSB of the QAC fraction is 1. For example, 
add the MSB of the QAC fraction to itself and carry out to the QAC 
integer . 

** 0.5 Implies a QAC fraction with the MSB = 1 and all other bits = 0. 



QIQR can cause a floating-point exception. This exception does not 
alter the contents of QAC. If no exception occurs, the instruction 
sets CBIT to 0. The values of LINK and the condition codes are 
iijdeterndnate . 

If a floating-point exception occurs and bit 7 of the keys contains a 
1, the QIQR instruction sets CBIT to 1. If bit 7 contains a 0, the 
instruction sets CBIT to 1 and causes a floating-point exception fault. 
See Chapter 10 of the System Architecture Reference Guida for more 
information. 
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If QIQR is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Oiapter 10 of the System Architecture Reference Guide .) 
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► RBQ r, address 

Remove Entry From Bottom of Queue 
011000 R\3 1011011 
AP\32 

The address pointer in this instruction points to the QCB for a queue. 
The instruction removes the entry from the bottom of the referenced 
queue aM loads it into the specified r. If the queue was not empty, 
this instruction sets the condition codes to reflect not equal to. If 
the queue was empty, resets r to and sets the condition codes to 
reflect equal to. Leaves the valvies of CBIT and LINK unchanged. 



^ RGB 

Reset CBIT to 
1100000010000000 

Resets CBIT to 0. Leaves the values of LINK and the condition codes 
xmchanged. 



^ RMC 

Reset Machine Check Flag to 
0000000000010001 

Resets the machine check mode (bits 15 to 16 of the modals) to 0. 
Leaves the val-ues of CBIT, LIM, and the condition codes unchanged. 
Inhibits interrupts for the next instruction. 



Note 



This is a restricted instruction. 



^ ROT R, address 
Rotating Shift 

10 10 m\3 TM\2 SR\3 BR\2 
DISPI^OaffiNT\16 

Calculates an effective address, EA. Interprets bits 17 to 32 of EA as 
a shift command, as shown in Table 3-7. 
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TahlG 3-7 
EA Format for ROT Rhift CommaM 


1 Bits 


Value 


Interpretation i 


1 17 




1 


fThift left. 1 
Rhift right. i 


1 18 



1 


Word shift (32 bits). i 
Halfword shift (16 bits). i 


1 19 to 26 





Ignored. i 


1 27 to 32 




Valvies specify the two's convplemRTit of the i 
nvunber of bits to shift. A value of i 
indicates a shift of 64 places; of -1, i 
1 place; of -63, 63 places; and so on. I 



Uses EA to perform a rotating shift on the contents of the specified R. 
Stores the shifted result in R. CBIT aod LINK contain the valiie of the 
last bit shifted out. Leaves the values of the condition codes 
unchanged. 



^ RRST address 

Restore Registers 
000000011 
AP\32 



10 1111 



Calculates an effective address, EA, from the 32-bit address pointer in 
the instruction. This specifies the starting address of a save area 
for the general, floating, and XB registers. Restores the contents of 
these registers from this save area. 

The save area format is shown in Table 3-8. Bits 1 to 16 of the save 
area are a save mask, whose format appears in Figure 3-3. A mask bit 
value of 1 means that the corresponding register had nonzero contents 
that have been saved in the save area; a mask bit value of means 
that the corresponding register's contents were 0. Leaves the values 
of CBIT, LINK, and the condition codes unchanged. 
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TaJDle 3-8 
RRST ani RSAV Save Area Format 



Offset # 


Contents I 


1 


Save mask i 


2 to 5 


FRl (F) 1 


6 to 9 


FRO 1 


10 to 11 


X, (317 1 


12 to 13 


CSB 1 


14 to 15 


Y, S, (315 1 


15 to 17 


(314 1 


18 to 19 


E, CBS 1 


20 to 21 


A, B. L, (312 1 


22 to 23 


(311 1 


24 to 25 


GRO 1 


26 to 27 


XB 1 



1 4 


5 


6 7 


8 9 


10 


11 


12 


13 


14 


15 


16 


10000 


IFRl 


IFRO 


IGR7 


1(3^ 


1(315 


IGR4 


1(313 


IGR2 


1(311 


IGRO 1 



Save Mask Format, RRST aM RSAV Instructions 
Figure 3-3 



^ RSAV address 
Save Registers 
00000001 
AP\32 



11001101 



Calculates an effective address, EA, from the 32-bit address pointer in 
the instruction. This specifies the starting address of a save area 
for the general, floating, and XB registers. Saves the nonzero 
contents of these registers in the save area. 

The save area format is shown in Table 3-8. Bits 1 to 16 of the save 
area aj?e a save mask, whose format appears in Figure 3-3. This 
instruction sets the mask bit of each register as follows: to 1 if the 
register's contents have a nonzero valxie; to if a valiie. Leaves 
the values of (BIT, LINK, and the condition codes unchanged. 
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► RT(5 r, address 

Remove Entry From Top of Queue 
011000 R\3 1011010 
AP\32 

The address pointer in this instruotion is to the QGB for a queue. The 
instruction removes the entry from the top of the referenced queue, aM 
loads it into the specified r. If the queue was not empty, the 
instruction sets the condition codes to reflect not equal to 0. If the 
que\ae was empty, resets r to and sets the condition codes to reflect 
equal to. Leaves the values of CJBIT and LINK unahanged. 



^ RTS 

Reset Time Slice 
0000000101001001 

Valid for the 550-11, 750, 850, 1450, and new processors. 

GR2H (bits 1 to 16) contain a negative value that represents the number 
of milliseconds in the new time slice. The time slice is determined by 
counting ITH up every 1.024 milliseconds until zero when the time slice 
ends. Therefore, ITH is the two's complement of the number of 
milliseconds remaining in the time slice. The elapsed tiiter contains 
the total number of 1.0S4 millisecond units that have elapsed since 
process creation plus the full count of the current time slice. 
Combining ITH and ET ty addition gives the total elapsed time. 

RTS adds the current value of the interval timer (locations 16 to 17 of 
the PCS) to the contents of the elapsed timer (locations 10 to 11 of 
the PCS), then subtracts the contents of GRZH. from the sum of the 
timers. Stores the result in the elapsed timer. Loads the contents of 
Q?2H into the interval timer. Leaves the contents of (3?2H tmchanged. 
The values of CBIT, LINK, and the condition codes are unchanged. The 
addition performed iy this instruction is equivalent to the following 
series of Instructions: 



LH O.ITH /* Load CM) with contents of ITH. 

Subtract reset value in GR2H from GRO contents 

Sign extend the contents of GROH into bits 
17 to 32 of GRO. 

Skip next 16-bit halfword if CBIT is 0. 

Complement CM). 

Add ITH and ET. 

Store result in ET. 
STH 2, ITH /* Store GR2 contents in ITH. 



Note 



RTS is a restricted instruction. 



3-91 Second Edition 



SH 


0.2 


/* 


PKH 





/* 
/* 


SRC 




/* 


CMH 





/* 


A 


o,Er 


/* 


ST 


O.ET 


/* 
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^ S R, address 

SulJtract Fullword 

10 10 ER\3 TM\2 SR\3 BR\2 

[ DISPLACEMENT\16 ] 

Caaculates an effective address, EA. Subtracts the 32-bit value 
oontained in the location specified by EA from the value contained in 
the specified R. Stores the result in the specified R. If overflow 
occurs, an integer exception results. If no integer exception occurs, 
CBIT is reset to 0. LINK contains the borrow bit. The condition codes 
reflect the result of the operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the kej^s contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 

Note 

This instruction also has a register-to-register and an 
iinmediate form. See Appendix B for more information. 



^ see 

Set CBIT to 1 
1100000110000000 

Sets the value of CBIT to 1. The value of LINK is indeterminate. 
Leaves the val\aes of the condition codes vmchanged. 



^ SOC r, address 
store C Character 
10 110 1 ER\3 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Uses the C language pointer to store a single character from bits 9 to 
16 of the specified r into a location in meovory. (Bits 1 to 8 of r are 
not modified and do not affect this operation.) When bit 4 of the C 
pointer contains 0, the character is stored into bits 1 to 8 of the 
address; if bit 4 of the pointer contains 1, the character is stored 
into bits 9 to 16 of the address. Leaves the values of the CBIT, LINK, 
and condition codes unchanged. 



Note 

xne sec instruction is valid only for genei'al register r-elative 
and indirect forms of address formation. Other forms of 
address formation (including indexing) do not reliably generate 
the C language pointer. 
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In particular, do not use the inunediate or register-to-register 
form with the SOC instruction because it would te interpreted 
as an ACP instruction. (SOC and AGP share the same opcode, but 
ACP uses the immediate and register-to-register form. ) 
However, direct addressing will obtain the first byte (of two) 
pointed to by the effective address. This assiunes that the 
base register used was loaded with a conventional 32-bit IP 
with the E bit reset. 

If SOC is used for any earlier system listed in "About This 
Book", an unlmplemented instruction (UII) fault occurs. (See 
Chapter 10 of the Sj^tem Arahitectiire Reference Guide . ) 



^ SH r, address 

Subtract Halfword 

110 10 ER\3 TM\2 SR\3 BR\2 

[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Subtracts the 16-bit value 
contained in the location specified by EA from the value contained in 
the specified r and stores the result in r. An overflow causes an 
integer exception. If no integer exception occurs, OBIT is reset to 0. 
LINK contains the borrow bit. The condition codes reflect the result 
of the operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the kejTS contains 0, the 
instruction sets CHIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architectiire Reference Guide for more information. 



Note 

The SH instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



► SHA R, address 
Arithmetic Shift 
110 1 m\3 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Interprets bits 17 to 32 of EA as 
a shift comimnd, as shown in Table 3-9. 
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Table 3-9 
EA Format for SHA Shift Coranand 



Bits 



Valtie I Interpretation 



17 



18 



19 to 26 
27 to 32 




1 


1 



Shift left. 
Shift rigjit. 

Woid shift (32 bits). 
Halfword shift (16 bits). 

Ignored. 

Valiaes specify the two's complement of 
the nuitOaer of bits to shift. A value 
of indicates a shift of 64 places; 
of -1, 1 place; of -63, 63 places; 
aixi so on. 



Uses EA to perform an axithmetic shift on the contents of the specified 
R, and stores the result of the shift in R. 



For a right 
shifted out. 



shift, GBIT and LINK contain the value of the last bit 
The values of all other shif ted-out bits are lost. 



For a left shift, an overflow causes an integer exception, 
no integer exception, CBIT is reset to 0. The value 
indeterminate . 



If there is 
of LINK is 



All shifts leave the valiies of the condition codes imchanged. 

If an integer exception occurs and bit 8 of the kejre contains 0, the 
instinction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more information. 



^ SHL R, address 
Logical Shift 

10 1 m\3 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Interprets bits 17 to 32 of EA as 
a shift commaiKi, as shown in Table 3-10. 
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TaJole 3-10 
EA Format for SHL Shift Commgind 



Bits I Value i Interpretation 



17 

18 

19 to 26 
27 to 32 





1 


1 



Shift left. 
Shift right. 

Word shift (32 bits). 
Halfword shift (16 bits). 

Ignored. 

Values specify the two's complement of 
the number of bits to shift. A value 
of indicates a shift of 64 places; 
of -1, 1 place; of -63, 63 places; 
and so on. 



Uses EA to perform a logical shift on the contents of the specified R. 
Stores the shifted result in R. GBIT and LINK contain the value of the 
last bit shifted out. The values of all other shif ted-out bits are 
lost. leaves the values of the condition codes unchanged. 



► SHLl r 

Shift r Left 1 
1 1 R\3 



111110 



Shifts the contents of the specified r to the left one bit and stores 
the result in r. CBIT and LINK contain the value of the bit shifted 
out. leaves the valiies of the condition codes unchanged. 



► SHLQ r 

Shift r Left 2 

011000 R\3 0111111 

Shifts the contents of the specified r to the left two bits and stores 
the result in r. CBIT and LINK contain the value of the last bit 
shifted out. The value of the first bit shifted out is lost. Leaves 
the values of the condition codes unchanged. 
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► SHRl r 

Shift r Right 1 

011000 R\3 1010000 

Sihifts the contents of the specified r to the right one bit and stores 
the result in r. CBIT and LINK contain the value of the bit shifted 
out. Leaves the values of the condition codes unchaiiged. 



^ SHR2 r 

Shift r Right 2 

011000 R\3 1010001 

Shifts the contents of the specified r to the right two bits ajid stores 
the result in r. CBIT aM LINK contain the value of the last bit 
shifted out. The value of the first bit shifted out is lost. Leaves 
the val'ues of the condition codes unchanged. 



► SLl R 

Shift Register Left 1 
011000 R\3 0111010 

Shifts the contents of the specified R to the left one bit and stores 
the result in R. CBIT and LINK contain the value of the bit shifted 
out. Leaves the values of the condition codes unchanged. 



^ SLZR 

Shift Register Left 2 
011000 R\3 0111011 

Shifts the contents of the specified R to the left two bits and stores 
the result in R. CBIT and LINK contain the value of the last bit 
shifted out; the valvie of the first bit shifted out is lost. Leaves 
the values of the condition codes lanchanged. 



^ SRI R 

Shift Register Right 1 
011000 R\3 0111100 

Shifts the contents of the specified R to the right one bit and stores 
the result in R. CBIT and LINK contain the value of the bit shifted 
out. Leaves the val'ues of the condition codes unchanged. 
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^ SR2 R 

Shift Register Right 2 
011000 R\3 0111101 

Shifts the contents of the specified R to the right two bits and stores 
the result in R. CBIT and LINK contain the value of the last bit 
shifted out; the value of the first bit shifted out is lost. Leaves 
the values of the condition codes unchanged. 



^ SSM R 

Set Sign Minus 

011000 R\3 0100010 

Sets bit 1 of the specified R to 1. Leaves the values of CBIT, LINK, 
and the condition codes unchanged. 



^ SSP R 

Set Sign Plus 

011000 R\3 0100011 

Resets bit 1 of the specified R to 0. Leaves the values of CBIT, LINK, 
aj3d the condition codes unchanged. 



^ SSSN 

Store S37stem Serial Nuniber 
0100000011001000 

This instruction is applicable only for the 2350 to the 9955 II. A 
14-Gharacter sjTStem identifier programtned into these processors during 
manufacturing consists of a 2KJharacter plant location code followed by 
a 12-digit nvunber. (These characters and numbers are in 7-bit ASCII 
format.) SSSN writes this S37stem identifier into a 16-halfword block 
at the address gseoified by the XB register, (A halfword is 16 bits.) 
The first 8 halfwords of this block hold the system serial number 
string as provided by manufacturing; the remaining halfwords are 
reserved for future expansion and are 0. 

leaves the values of CBIT, LINK, and the condition codes indeterminate. 

Note 

If SSSN is used for any earlier system listed in "About This 
Book", an unimplemented instruction (UII) fault occurs. (See 
Chapter 10 of the System Architecture Reference Guide . ) 
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► ST R, address 
Store Fullword 

10 1 ER\3 TM\2 SR\3 BR\2 
DISPLACEMENT\16 



Calculates an effective address. EA. Stores the contents of the 
specified R into the location specified by EA. Leaves the values of 
the CBIT, LINK, arei condition codes vmchanged. 



^ STAR R, address 

Store Addressed Register 

10 110 ER\3 TM\2 SR\3 BR\2 

DISPLACEMEMT\16 

Calculates a 32-bit (word) effective address, EA. Stores the contents 
of the specified R into the register location specified ty the offset 
portion of EA. Bit 2 and bit 12 of the offset portion of EA determine 
the actions of this instioiction, as shown in Table 3-11. 



Table 3-11 
STAR Actions 



Bit 2 I Bit 12 I Action 







Ignore bits 1 arxl 3 to 9. The offset portion 
of EA specifies an absolute register number 
from to '377. 

Bits 13 to 16 Of the offset portion of EA 
specify one of the registers '20 to '37 in 
the current register set. 

Bits 13 to 16 of the offset portion of EA 
specify one of the registers to '17 in 
the current register set. 



*This is a restricted instruction. 



Leaves the values of OBIT aai LINK unchanged. The values of the 
condition codes are indetemdnate . See Chapter 9 of the S3^em 
Architectiire Reference Guide for more information about register sets. 
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Note 

Do not use the STAR instruction to write into the prooedure 
base, keys, or modals. You csan use LPSW to change any of these 
three registers. In addition, you can use a control transfer 
to change the procedure base, or a mode control operation to 
change the keys or modals. Under no circumstances should you 
try to change the value of the current register set bits 
contained in the modals. 

If the current ring is not and EA is outside the range of 
to '17 inclusive, any access causes an RXM violation. 



► STC flr.r 

Store Qiaracter 

011000 RXSlllFIUllO 

If the contents of the specified FIR are nonzero, the instruction 
stores the contents of bits 9 to 16 of the specified r into the 
character byte address contained in the associated FAR. Updates the 
contents of the appropriate FAR so that they point to the next 
character. Decrements the contents of the specified FUl by 1. Sets 
the condition codes to NE. 

If the contents of the specified FLR are 0, the instruction sets the 
condition codes to BQ and does not store a dharacter. 

The instruction leaves the valvies of LINK and CBIT vinchanged. 

Note 

When the instruction specifies EURO, FARO is used. Mdaen the 
instruction specifies FIRl, FARl is used. 



► STCD R, address 

Store Conditional Pullword 
011000 R\3 1011111 
AP\32 

Compares the contents of R+1 and the contents of the 32-bit location 
referenced by the specified address pointer. If the two values are 
equal, the instruction stores the contents of R in that referenced 
location. If the two values are not equal, execution continues with 
the next instruction. STGD is an Interlocked operation, guaranteed to 
work in a multiprocessor. 

leaves the values of CBIT aai LINK unchanged. The condition codes 
indicate reflect the result of the comparison. (See Appendix A.) 
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Note 



R must te etn even nvutiibered register. 



^ STGH r, address 

Store Conditional Halfword 
011000 R\3 1011110 
AP\32 

Compares the contents of bits 17 to 32 of the specified R with the 
contents of the location referenced hy the specified address pointer. 
If the two values axe equal, the instruction stores the contents of r 
into that referenced location. If the two values are not equal, 
execution continues with the next instruction. Leaves the values of 
CBIT and LINK unchanged. Sets the condition codes to BQ if the store 
occurs and to NE if not. 

The comparison and store will not be separated ty execution of other 
instructions. Therefore, no instruction can alter the contents of the 
specified memory location between the compare and the store. 

Note 

This instruction is useful when two cooperating, sequential 
processes are manipulating shared data. It is interlocked 
against direct memory I/O. This means you can use it to 
interlock a process with a EMA, EMC, or EM? channel, as well as 
to interlock a memory location that is possibly accessed by 
I/O. 



^ STEX R 

Stack Extend 

011000 R\3 0010111 

Extends the length of the procedure stack. The designated R contains a 
32-bit number that specifies the halfword size of the extension. (A 
halfword is 16 bits.) 

The firmware rounds up the number contained in the specified R to an 
even nimiber of halfwords. The Instruction uses this valxie to allocate 
a block of memory to the procedure stack. The extension and the 
initial stack segment do not have to be contiguous, since there may not 
have been enough room left in the initial stack to contain a complete 
frame. 

Kexiums a BegjuBiiii xiuiiiueivuiiiseb iiuiriLtsx xn oiic o^jov^j.xa.c?a. i\ uj.a<^o 
specifies the starting address of the extension. The extension is 
automatically deallocated when the current proced-ure completes 
execution. There is no limit on the number of extensions you can make. 
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A staxik fault occurs if there is no room for the extension. The values 
of CBIT, LINK, and the condition codes are indeterminate. See Chapters 
8 and 10 of the System Architecture Reference Guide for more 
information about this instruction, stacks, and stack faults. 



► STFA far, address 
Store FAR 

000000101101 FAR 000 
AP\32 

Stores the specified FAR contents as a hardware recognizable indirect 
pointer at the memory location referenced ty the specified address 
pointer. If the bit number field of the specified FAR contains 0, the 
instruction stores the first 32 bits (two halfwoMs) of the pointer and 
clears the pointer's extend bit to 0. If the bit number field of the 
specified FAR does not contain 0, the instruction saves all 48 bits 
(three halfwords) of the pointer and sets the pointer's extend bit to 
1. leaves the values of CBIT, LINK, and the coixlLtion codes 
indeterminate. 



► STH r, address 
Store Halfword 

110 1 m\3 TM\2 SR\3 BR\2 
DISPLAGEMENT\16 

Calculates an effective address, EA. Stores the contents of the 
specified r into the 16-bit location specified by EA. Leaves the 
values of CBIT, LINK, and the condition codes unchanged. 



► STPM 

Store Processor Model Number 
0000000000010100 

Stores the CPU model number and microcode revision number in an 
8-halfword field. (A halfword is 16 bits.) XB contains a pointer to 
the field in memory. Table 3-12 shows the format of the field. 
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Table 3-12 








bTPM Jfrwory Field Format 




1 Halfword l 


Name i 


Description 






1 1 to 2 1 


Processor i 


Contains a code specifying 


the machine: 1 




Model 1 


OL - 400/500, 


no 


15L - 9950 i 




Number I 


Rev B microcode 


16L - 9650 1 






IL - 400, Rev 


B 


17L - 2550 i 






microcode 


18L - 9955 1 






2L - Reserved 




igfL - 9750 1 






Til, - 350 




21L - 2350 1 






4L - 450/550 




22T, - 2655 1 






5L - 750 




23L - 9655 1 






6T. - 650 




25L - 2450 1 






7L - 250 




30L - 9955 II 1 






ai. - 850 




31L - 2755 1 






9L - 250-11 




34L - 6350 1 






lOL - 550-11 




42T, - 9755 1 






IIL - 2250 






1 3 to 4 


Miorocodft 


Offset 3: 








Revision 


Bits 1 to 8 


Reserved 








Bits 9 to 16 


Manuf act\iring microcode i 
revision number i 






Offset 4: 




1 






Bits 1 to 16 


Engineering microcode i 

revision number i 

1 


1 5 


Processor 


Specifies options enabled for this mgwdiine: i 




1 T.iTie 


Bits 1 to 15 


Reserved; 


must be i 






1 Bit 16 


Marketing segment i 
specification bit i 

1 


1 6 


1 Emended 


1 To be implemented. 






1 Microcode 










1 ID 








1 7 to 8 




1 Reserved for future -use. 





The STPM instruction leaves the values of CBIT, LINK, and the condition 
codes imchanged. 



Note 



STPM is a i^stricted instruction. 
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^ STTM 

Store Prooess Tinver 
0000000101001000 

Valid for the 550-11, 850, 1450, and 2350 to 9955 II. 

The current prooess time is represented hy the sum of the 32-bit 
elapsed tljte (stored in the PCB) and the 32-bit Interval timer 
(contained in the CPU hardware) . Bit 17 of the elapsed time is 
equivalent in weight to bit 1 of the interval time. This operation is 
equivalent to the following sequence of instructions. (Register is 
not actually modified ty the STTM instruction. ) 



LDAR 


0. 


em> + '25 


/* 


A 


0, 


= 'lOL 


/* 


ST 


0, 


TKMPl 


/* 


LDAR 


0, 


EB% + '30 


/* 


IRH 







/* 


STH 


0, 


XB% + 2 


/* 


IRH 







/* 


PTTTH 







/* 


A 


0, 


TEMPI, * 


/* 


ST 


0, 


XB% + 





Get PCB address. 
Offset of elapsed time. 
Elapsed time address -> Temp. 
Read timer. 
Store low order 

16 bits. 
Adjust 

weighting . 
AM elapsed time. 



Leaves the values of the CBIT, LINK, and condition codes indeterminate. 
This instruction is not implemented on the 2250. 



SVC 

Supervisor Call 
000000010 



10 10 1 



Supervisor call. Generates a directed fault. 
CBIT, KOK, and the condition codes \mGhanged. 



Leaves the values of 



This instruction allov^ you to make an operating ^stem request that is 
addressing mode independent. By software convention, this instruction 
sends an operation code and pointers to the operating S3^em to 
generate a fa\ilt. For more information, refer to Chapter 10 of the 
Slystem Architecture Reference Guide. 
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^ TC R 

Two's Complement Register 
011000 R\3 0100110 



Forms the two's compleitent of the contents of the specified R and 
stores the result in R. An overflow causes an integer exception. If 
there is no integer exception, CBIT is reset to 0. The value of LINK 
is indetern±nate. The condition codes reflect the result of the 
operation. (See Appendix A.) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1. If bit 8 contains a 1, the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the System Architecture Reference Guide for more infonnation. ^ 



► TCH r 

Two's Compleitent r 
011000 R\3 0100111 

Forms the two's complement of the contents of the specified r and 
stores the result in r. An overflow caiises an integer exception. If 
there is no integer exception, CBIT is reset to 0. The value of LINK 
is indeterminate. The condition codes reflect the result of the 
operation. (See Appendix A. ) 

If an integer exception occurs and bit 8 of the keys contains 0, the 
instruction sets CBIT to 1 . If bit 8 contairiS a 1 , the instruction 
sets CBIT to 1 and causes an integer exception fault. See Chapter 10 
of the Ss^tem Architecture Reference Guide for more information. 



^ TCNP address 

Test C Null Pointer 
111110110 TM\2 SR\3 BR\2 
[ DISPLAGEMENT\16 ] 

Calculates an effective address, EA. Tests bits 4 to 32 of the C 
lang-oage pointer in the location specified lay EA for zero. Vhen these 
bits are zero, this instruction sets the condition codes equal to 2ero; 
otherwise the condition codes are set not equal to zero. The values of 
the CBIT and LINK are unchanged. 

Note 

The TCNP instruction also has a register addressing form. The 
sjTn'uax ana luniiao lur uiLj-t> xuxmi ux xoxtjr x-o- 

TCNP R 

011000 R\3 1111000 
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(The expected form for TCNP register addressing woxild be 

11111011000 SR\3 

but this is, in fact, vmirapleroented. ) 

If TCNP is used for any eaxlier system listed in "About This 
Book", an miunplemented instruction (UII) fault oocuxs. (See 
Qiapter 10 of the System Architecttire Reference Guide . ) 



► TFLR flr.R 

Transfer FIR to Register 
011000 R\3 111FU1011 

Transfers the contents of the specified FIH into the specified R. 
leaves the values of CBIT, LINK, and the condition codes unchanged. 



► TM address 

Test Ifemoiy Fullword 
100110100 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Sets the condition codes 
according to the numerical value of the 32-bit contents of the location 
specified by EA. (See Appendix A. ) Leaves the values of LINK and CBIT 
unchanged. 



► TMH address 

Test Memory Halfword 
101110100 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Sets the conHtion codes 
according to the numerical value of the contents of bits 1 to 16 of the 
location specified by EA. (See Appendix A.) Leaves the values of LINK 
and CBIT unchanged. 



► TRFL flr.R 

Transfer Register to FISL 
011000 R\3 111FLR101 

Transfers the contents of R into the specified FIR. Clears bits 1 to 
11 of R to so that bits 1 to 6 of the specified FIK will be 0. 
leaves the values of CBIT, LINK, and the condition codes unchanged. 
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Note 



The TRFL instruction allows you to load the specified FlU with 
a value computed at execution time. The maxiinuin allowable 
integer you can load is 2**20. This nmnber is 21 bits wide and 
equals the number of bits in a 64K segment. 



► TSTQ r, address 
Test Queue 
011000 R\3 1000100 

AP\32 



The address pointer in this instruction points to the QCS of a queue. 
This instruction tests the referenced queue and sets r to equal the 
number of items in the queue. Sets the condition codes to BQ when the 
queue is empty. If the queue is not empty, the instruction sets the 
condition codes to NE. Leaves the values of CBIT and LINK unchanged. 
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^ WAIT address 
Wait 

0000000011001101 
AP\32 

The address pointer in this instruction points to a 16-bit semaphore 
counter, C. The instruction increments C. If C is greater than 
either the resource is not available, or the event has not occurred' 
Removes the PCS from the ready list, suspen±Lng the process, and adds 
it to the wait list associated with the semaphore. It then makes the 
register set available, tums off the process timer, and goes to the 
dispatcher to find another process to run. The dispatcher enables 
interrupts. 

If C is less than or equal to 0, the currently executing process 
continues. 

If the instruction places the PCB on the wait list, no general 
registers are saved. This means that a process cannot depend on these 
registers to be intaot after this instruction occurs. This instruction 
potentially clears the general, floating, arid XB registers. 

leaves CBIT, link, and the condition codes unchanged. 

For more information about semaphores, the dispatcher, PCBs, and wait 
lists, refer to Chapter 9 of the System Architecture Reference Guide . 

Note 
This is a restricted instruction. 
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X R, address 

Exclusive CR Fullword 

10 11 ER\3 TM\2 SR\3 BR\2 

t DISPLACEMENT\16 ] 



Calculates an effective address, EA. Performs an exclusive OR of the 
contents of the specified R with the 32-l3it value contained in the 
location specified by EA. Stores the result in the specified R. 
Leaves the values of CBIT, LINK, and the condition codes unchanged. 



Note 



This instruction also has a register-to-register 
ijninediate form. See Appendix B for more information. 



and an 



^ XAD 

Decimal Add 
0000001001000000 

Performs a decimal arithitetic operation under control of FARO, FARl, 
and GR2. 

FARO contains the address of field 1. FARl contains the address of 
field 2. GR2 contains the control word; fields B and C of the control 
word specify the deciml operation to be performed, as shown in Table 
3-13. 





Table 


3- 


13 




XAD Decimal 


Operations 


1 B 


CB 1 Operation 


1 Destination i 


1 


1 +F1+F2 




1 F2 1 

1 1 


1 


1 1 +F1-F2 




1 F"^ 1 

1 1 


i 1 


1 

i -F1+F2 




1 F2 ! 


1 1 


1 1 -F1-F2 




1 F2 1 



The scale differential field in the control word specifies tlie 
difference in the decimal point alignment between Fl and F2, as 
follows : 
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^ Relation of Fl aixi F2 
SD>0 Fl > F2 
SEND Fl = F2 
SD<0 Fl < F2 



If the T bit is set to 1, the results axe forced positive. If the add 
operation results in an overflow, a decimal exception occurs. If no 
overflow occurs, the XAD Instruction resets CBIT to to indicate 
success. 

If a decimal exception occurs and bit 11 of the keys contains a 0, the 
instruction sets GBIT to 1. If bit 11 contauis a 1, the instruction 
sets CBIT to 1 and causes a deciml exception fault. See Chapter 10 of 
■the S3^em Architecture Reference Guide for more information. 

The registers used are GRO, GRl, GR3, GR4. CSB, FARO, FARl, FlItD, aui 
FLRl. At the end of the Instruction, the contents of these registers 
are indeterminate. The value of LINK is also indeterminate. The 
condition codes reflect the state of F2 after the decimal operation 
(See Appendix A. ) 



► XBTD 

Binary to Decijfial Conversion 
0000001001 100101 

Converts a binary number to a decimal number. FARO contains the 
decimal field address. CS2 contains the control woixi. This 
instruction uses fields A, E, atxi H of the control woid. H specifies 
the length of the binary nuinber and its location, as follov^: 

H Length Location 

16 bits (313 register, high side 

1 32 bits (313 register 

2 64 bits DACl 3?egister 

Converts the specified binary integer to a decimal integer and stores 
the result in the location specified by FARO. Leaves the values of 
LINK indeterminate. Overflow results in a decimal exception. If no 
overflow occurs, resets CBIT to 0. The values of the condition codes 
aj?e indeterminate. 

The registers used are GRD, GRl, GR3, GR4, GBB, FARO, and FIKD. At the 
instruction's end, the contents of the registers are indeterminate. 
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When the souroe register contains all zeros, the destination register 
will contain all zeros. 

If a decimal exception occurs aM bit 11 of the keys contains a 0, the 
instruction sets GBIT to 1. If bit 11 contains a 1, the instruction 
sets CBIT to 1 aai causes a decimal exception fault. See Qiapter 10 of 
the System Architecture Reference Guide for more information. 

Note 

The XBID instruction does not use or modify FARl, Flill, or 
FACl. 



Decimal Compaie 
0000001001000010 

Conmares two decimal nuitibers and sets the condition codes depending on 
the result of the coirtpare. Uses the G field of the control field to 
adjust the two numbers before the compare, as follows: 

G Field Decision 

>0 Low-order digits of Fl only affect the initial 
borrow from the low-order digit of F2. 

<0 Assume Fl is zero-extended with low zeros. 

FARO contains the address of field 1 (Fl). FARl contains the address 
of field 2 (F2). GR2 contains the control word. This instruction uses 
fields A, B, C, E, F, G, and H of the control word. 

The registers used axe GBD, GRl, GR3, (314, GR6, FIW, and Flill. At the 
end of this instruction, the contents of these registers are 
indeterminate. When there is no decimal exception, GBIT is reset to 0. 
(This instruction cannot cause a decimal exception.) leaves the value 
of LDJK indeterminate. The condition codes reflect the result of the 
comparison, as follows. 



OC Test Resvilt 

GT F2 > Fl 

BQ F2 = Fl 

LT F2 < Fl 
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► XCQB 

Decimal to Binary Conversion 
0000001001100110 

Converts a decdmal string to a binary string. FARO contains the 
address of the decimal string. GR2 contains the control woid. 

This instruction uses the A, E, and H fields. Field H specifies the 
length of the bijoary string and its location, as shown below. 

H length Destination Register 

00 16 bits GRSR 

01 32 bits GRZ 

10 64 bits CSt2/GS3 

Converts the decijnal strajig to a binary string of the specified type 
and stores it in the specified register. A conversion error causes a 
decojnal exception. If no decimal exception occurs, the instruction 
sets CBIT to 0. The values of LINK and the condition codes axe 
indeterminate. 

The registers used are GRO, GRl, GR3, GR4, GSB, FARO, and FIW. At the 
end of the instruction, the contents of these registers are 
indeterminate . 

If a decimal exception occurs and bit 11 of the keys contains a the 
uistruction sets CBIT to 1. If bit 11 contains a 1, the ijistruction 
sets CBIT to 1 and causes a decimal exception fault. See Chapter 10 of 
*^ System Architecture Reference Guide for more information. 



Note 
This instruction does not use or modify FARl, FIHl, or FACl. 



► XDV 

Decimal Divide 
0000001001000111 

Divides a decimal number, D2, by another, Dl, and stores the quotient 
and remainder in the location of D2. 

FARO contains the address of Dl. FARl contains the address of Dg. L 
contains the control word. This instruction vises fields A B C E F 
and H. • . . 



3-111 Seconi Edition 



TKTc»rDTir«PTr(Kr crcTS rjii Ilk 



Both decimal numbers must be In trailing sign enibedded format. In 
addition, De must contain a number of leading zeros equal to the length 
of Dl. 

The XDV instruction divides the two numbers. After the divide, the 
location of DB contains the quotient of length (D2 length - Dl length) 
followed by the remainder of length (Dl length) . Since DB had leading 
zeros, no overflow can occur. 

If the T bit contains a 1, the results will be forced positive. For 
more information aixDut decimal arithmetic, refer to Caaapter 6 of the 
Ss^em Architecture Reference Guide . 

The registers used are (SO, GRl, GB3, (S(A. GB6, FARO, FARl, FlilO. ai>d 
Flill. At the end of the instructions, the contents of these registers 
are indeteiroinate. 

At the end of the instruction, the condition codes, LINK, FARO, and 
FARl contain uix3efined results. If no overflow occurs, CBIT is reset 
to 0. 

If Dl is 0, overflow occurs aai causes a decimal exception. Decamal 
exceptions also occur if Dl or DS has the incorrect data type or if the 
length of ne is less than that of Dl. If no decimal exception occurs, 
the instruction resets CBIT to 0. 

If a decimal exception occurs and bit 11 of the keys contains a 0, the 
instruction sets CBIT to 1. If bit 11 contains a 1, the instruction 
sets CBIT to 1 and causes a decimal exception fault. See Chapter 10 of 
the System Architecture Reference Guide for more Information. 



^ XED 

Numeric Edit 
0000001001001010 

Edits the contents of a string under control of a subprogram. The 
registers used axe CRZ, XB, FARO, FARl, and FIBO. At the end of the 
instruction, the contents of these registers and the CBIT, LINK, and 
coiviition codes are indeterminate. 

FARO contains the address of the source string. The source string niust 
be leading separate sign type and must have at least the same nuniber of 
decimal digits and the decimal point alignment as called for in the 
edit subprogram. 

FARl contains the address of the destination string. Bits 1 to 8 of 
GS2 contain the floating character; bits 9 to 16, the status register. 
Bits 17 to 24 of (3?2 contain the number of remaining bytes to be 
processed (used if a fault or interrupt occurs). Bits 25 to 32 of C»2 
contain the suppression character whose initial value is determined by 
bit 12 of the keys ('240 if bit 12 contains 0; '40 if bit 12 contains 
1^. XB contains the address of the edit subprogram. 
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The lustruotion uses an edit subprogram to alter a souroe string and 
store the edit result in a destination location(s). To set up, perform 
a decijnal move to correct the type, alignment, and length of the number 
to be edited. Next, use a LCBQ instruction to set up the initial 
contents of the register. 

Eeu3h 16-bit halfword in the edit subprogram has the format shown in 
Figure 3-4, where: 

L is 1 if this 16-bit halfword is the last halfword 
in the subprogram, 
if it is not the last halfword; 
E is a suboperator; 
M is a suboperator modifier. 



12 3 4 




8 9 




16 


1 L 1 00 1 


E 


1 


M 


1 



Edit Subprogram Halfword Format 
Figure 3-4 



The XED instruction uses several variables internally to control the 
edit subprogram. These are shown in Table 3-14. There are 17 edit 
suboperators , shown in Table 3-15. 
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XED Internal Vaxiables 



Wax I Definition 



SC 



FC 



I Zero suppression Gharaoter; contained in B. Initial 
I val\ie is the space characrter ('240 or '40 if bit 12 
I of the keys conta±ns or 1, respectively). 

I Floating edit Gharacter; contained in GR2. Initial 
I valiie is not defined. 

SIGN I Sign of the source field. The first character fetch 
I sets up the value of this variable. 

SIG I End zero suppression flag. 



Table 3-15 
XED Suboperators 



1 Subop 1 


Mnem I 


1 00 1 


ZS 1 


1 01 


IL 1 


1 02 


SS 1 


1 03 


ICS 1 


1 04 


ID 1 



Nazne and Description 



Zero Suppress. Fetches M digits from the source 
field consecutively, each time checking SIG. If 
SIG is 1, copies the digit into the destination 
string. If SIG is and the digit is not 0, 
inserts the floating character (if defined) 
and copies the digit into the destination field. 
If SIG is 0, the digit is not 0, and the 
floating ciiaracter is not defined, sets the SIG 
flag aj3d copies the digit into the destination. 
If SIG and the digit are both 0, substitutes 
SC for the digit in the destination field. 

Insert Literal. Copies M into the 
destination string. Increments XB and FARl ty 1 

Set Suppress Character. Sets SC to M and 
increments XB by 1. 

Insert Character. If SIG is 1, copies M into the 
destination string. If SIG is 0, copies SC into 
the destination string. Increments XB and FARl 

ty 1. 
Insert Digits. If SIG is 0, and FC is defined, 
copies FC and M digits into the destination field 
then sets SIG to 1. Increments XB by 1, FARO ty 
M, and FARl hy M+1. If SIG is and PC is not 
defined, sets SIG to 1 and copies M digits from 
the soxorce to the destination. Increments XB iy 
1 and both FARO and FARl by M. If SIG is 1, 
copies M digits from the source to the 
destination and increments XB ty 1 and both FARO 
and FARl ty M. 
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TsLble 3-15 (continiied.) 
XED Siiboperators 



1 Subop 


1 Mnem i 


1 05 


1 IGM 1 


1 06 


1 ICP 1 


1 07 


1 SPG 1 


1 10 


1 SFP 1 


1 11 


SFM 1 


1 12 


SFS 1 


1 13 


JZ 1 


1 14 


FS 1 


1 15 


SF 1 


1 16 


IS 1 


1 17 1 


SD 1 


1 20 1 


EBS 1 



Mnem i Name and Description 



Insert Character if Minus. If SIGN = 0, copies 
M into the destination string. If SIGN = 1, 
copies SC into the destination string. 
Increments both SB and FARl hy 1. 

Insert Oiaxacter if Pliis. If SIGN = 0, copies M 
into the destination string. If SIGN = 1. 
copies SC into the destination string. 
Increments both SB aiKi FARl ty 1. 

Set Floating Character. Sets PC to M and 
increments XB by 1. 

Set Floating if Plvis. If SIGN = 0, sets FC to M. 
If SIGN = 1, FC to SC. Increments XB by 1. 

Set Floating if Minus. If SIGN = 1, sets PC to M, 
If SIGN = 0, sets FC to SC. Increments XB ty 1. 

Set Floating to SIGN. If SIGN = 0, sets FC to 
'253. If SIGN = 1, sets FC to '255. Increments 
XB iy 1. 

Juntp if Zero. If the condition flag in A = 0, 
increments XB by 1. If the condition flag in A 
= 1, adds M to XB and then increments XB by 1. 

Fill with Suppression Characters. Copies SC 
M times into the destination string. Increments 
XB by 1 and FARl by M. 

Set Significance. If SIG = aai FC <> 0, inserts 
FC into the destination string, sets SIG to 1, 
and increments XB and FARl by 1. If SIG = and 
FC = 0, sets SIG to 1 and increments XB aod FARl 
by 1. If SIG = 1, increments XB by 1. 

Insert Sign. If SIGN = 0, copies '253 into the 
destination string. If SIGN = 1, copies '255 
into the destination string. Increments XB ty 1. 

Suppress Digits. Fetches M digits from the source 
string and checks if they are '260. If the source 
digit = '260, inserts SC into the destination 
string. If the source digit <> '260, copies the 
source digit into the destination string. 
Increments XB by 1 and both FARO and FARl by M. 

Embed Sign. Fetches M digits from the source 
striiig. If SIGN = 0, copies each digit into the 
destination string. If SIGN = 1, embeds a minus 
sign into each digit before copying it into the 
destination string. Table 6-15 shows the 
characters used to represent the sign/digit 
combinations. A } symbol represents negative 0. 
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^ XH r, address 

Exclusive CR Halfword 

10 10 11 ER\3 TM\2 SR\3 BR\2 

[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. Performs an excliisive CR of the 
contents of the specified r with the 16-bit value contained in the 
location specified by EA. Stores the result in r. Leaves the values 
of CBIT, LINK, and the condition codes unchanged. 



This Instruction also has a register-to-register and an 
immediate form. See Appendix B for more information. 



^ XMF 

Deciinal Multiply 
0000001001000100 

Multiplies one decimal number, M, by another, Dl, and stores the result 
in D2's location in memory. M is right justified in field DB at the 
start of the operation. 

FARO contains the address of Dl. PARI contains the address of EC. (St2 
contains the control word; this instruction uses fields A, B, C, E, F, 
G, H, and T. Field G, the scale differential, must contain the number 
of decimal digits in M. 

The number of decimal digits in D2 is greater than or equal to the 
niutiber of decimal digits la Dl plus the mjmber of decimal digits in M 
(specified by G). Normally, the digits to the left (more significant 
side) of M are zeros. If this is not the case, then a partial product 
field is added in. 

The instruction multiplies M by Dl and stores the result in the 
location specified by FARl. The result of the multiply is: 

Dl X M + partial product field 

The partial product field is equal to: 

length(D2) - M. 

The partial product field is left justified in DS's location. The 
maxlitrum partial product added in per traverse of the multiplicand is: 

source digits + multiplier digits processed 
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There is also an djnplied waLgJitiiig of the partial product field. The 
weighting is: 

10 ** multiplier digits 

If the T bit contains a 1, the results are forced positive. 

The registers used are GRO, GRl, CSS. (3^4, GR6, FARO, FARl, and XB. At 
the end of this instruction, the contents of these registers are 
indeterminate. At the end of the XMP instruction, the oonHtion codes 
reflect the state of the result. (See Appenaix A.) Overflow causes a 
decimal exception. If no overflow occurs, XMP resets CBIT to 0. LINK 
contains undefined results. 

A decijonal exception occurs if there are more potential or actual 
product digits than there is space in D2. If a decimal exception 
occurs and bit 11 of the keys contains a 0, the instruction sets CBIT 
to 1. If bit 11 contains a 1, the instruction sets CBIT to 1 aoi 
causes a decimal exception fault. See Chapter 10 of the System 
Architecture Reference Guide for more information. 



^ XMV 

Decimal Move 
0000001001000001 

Moves a string of characters from one location to another. 

FARO contains the address of the source string. FARl contains the 
address of the destination string. GS2 contains the control word. 
This instruction uses fields A, B, D, E, F, G, H, and T. 

The instruction moves the contents of the source field into the 
destination field from right to left. If the B field in the control 
word is 1, the instruction dhanges the sign of the source field during 
the move. If the D field in the control word is 1 aM the scale 
differential is greater than 0, the instruction rounds the source field 
during the move. If the scale differential (from the H field) is less 
than 0, the Instruction pads the source field with SD trailing zeros 
before transferring. 

If the T bit is set to 1, the result will be forced positive. 

An overflow caiises a decimal exception. If no decimal exception 
occurs, the instruction resets CBIT to 0. At the end of the 
instruction, LINK, FARO, and FARl contain undefined results. The 
values of the condition codes reflect the state of the destination 
field after the move. (See Appendix A.) 
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If a decimal exception occurs and bit 11 of the keys contains a 0, the 

XMV instruction sets C3BIT to 1. If bit 11 contains a 1, the 

instruction sets CBIT to 1 and causes a decamal exception fault. See 

Chapter 10 of the Ss^tem Architecture Reference Guide for more 
information about decimal exceptions. 



Note 
The soiiroe and destination strings may not overlap in memory. 
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^ ZCM 

CompgLre Character Field 
0000001001001111 

Compaores two fields and sets the condition codes depending on the 
result of the compare. Uses registers GR3, GR4, FARO, FARl, Fli^, and 
FIRl. At the end of this instruction, the contents of these registere 
are indeterminate. 

FARO contains the address of field 1 (Fl). FIW contains an integer 
specifying the length of Fl. FARl contains the address of field 2 
CF2). FlRl contains an integer specifying the length of F2. 

The instruction compares the contents of Fl and F2 on a tyte ty byte 
basis. If the fields are not of equal length, the Instruction 
automatically ejrtends the shorter string with space characters. Sets 
the condition codes as a result of the comparison, as follows: 

Result of Compare Set Condition Codes 
Fl > F2 GT 

Fl = F2 BQ 

Fl < F2 LT 

When the instruction completes execution, the values of CBIT aM LINK 
are indeterminate. 



Note 

This instruction uses GR3, (3^4, the FARs, and the FUls during 
its operation. Since ZCM does not save the contents of these 
registers before using them, any data contained in them is 
overwritten when this instruction executes, unless you save it 
ahead of tijote. 



^ ZED 

Character Field Edit 
0000001001001001 

Controls an edit subprogram. 

Uses the registers C3R3, GR4, FARO, FARl, and FIW. At the end of this 
instruction the contents of these registers are indeterminate. Leaves 
the values of CBIT, LINK, and the condition codes indeterminate. 

FARO contains the address of the source string. F1£0 specifies the 
length of the source string. FARl contains the address of the 
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destination string. XB contains the eddress of the edit subprogram. 

The ZED instruction uses the edit subprogram to alter the source 
string, then loads the edited result into the destination string. The 
subprogram, addressed by the contents of XB, contains a list of 
comnaMs, each with the format shown in Figure 3-5, where: 

L is 1 if this coramaai is the last command in the subprogram, 

if it is not; 
E is the edit opcode; 
M is the edit modifier. 



12 6 7 8 9 16 

L I 00000 1 E I M I 



ZED Subprogram Word Format 
Figure 3-5 



Bits 2 to 6 must be 0. 

M, the operator modifier, specifies information E uses when editing the 
source string. (See Table 3-16.) 

E, the edit suboperator, specifies the operation to be performed on the 
source string. Table 3-16 shows the available values for E. 
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TELble 3-16 
ZED Suboperators 



SulxDp I Valvie i Action 



CPC 



INL 



SKC 



ELK 



00 



01 
10 



11 



Copies dhaxacters from the sovu?ce string into the 
destination string. If the length of the source 
string is greater than the contents of the M field, 
then CPC moves a total of M source chaxacters into 
the destination string, increments FARO and FARl by 
iy M, increments XB iy 1, and decrements FLBD iy M. 
If the length of the source string is less than the 
the contents of the M field, then CPC moves the 
rest of the source string into the destination 
string, and then paxis the remaining space to be 
filled with spaces. (See note.) Increments FARO 
hy FUlO and FARl ty M, increments XB by 1, and 
and decrements FIBO iy FLRO (so Fli^ = 0). 

Inserts M into the destination string atri 
increments both XB and FARl by 1. 

Skips (iharacters in the source string. If the 
remaining length of the source string is greater 
than or equal to the contents of the M field, then 
SKC skips over the next M characters of the source 
field ty incrementing FARO ty M and decrementing 
FIBO ty M. If the remaining length of the source 
string is less than the contents of the M field, 
SKC skips over FLRO characters in the source string 
ty incrementing FARO ty FLBD and decrementing FIPD 
ty FLRO (FliO = 0). In either case, SKC increments 
XB ty 1. 

Inserts M spaces (see note) into the destination 
string, increments FARl hy M, and increments XB 
ty 1. 



Note 

A space is '240 or '40, depending on whether bit 12 of the keys 
is or 1, This instruction \ises GR3, GM, the FARs, aai the 
FLRs during its operation. Since ZED does not save the 
contents of these registers before using them, any data 
contained in them is overwritten when this instruction 
executes, unless you save it ahead of time. 
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Fill Field vdth Oiaracter 
0000001001001110 

Stores a character into a series of destination bytes. Uses registers 
CSC5. (314, FARO, FARl, FIRO, aal Flill. At the end of this instruction, 
the contents of these registers are indeterminate. 

Bits 9 to 16 of C3^ contain the character to he stored. FARl contains 
the starting address of the destination field (byte aligned). Flill 
contains an integer specifying the length of the destination field (in 
bytes). 

1!he instruction stores the character specified in GE?2 in each byte of 
the destination field. If FIHl contains 0, no operation takes place. 
leaves the values of CBIT, LINK, and the condition codes indeterminate. 



Note 

This instruction \jses (3i3, (314, the FARs, and the FLRs during 
its operation. Since ZFIL does not save the contents of these 
registers before using them, any data contained in them is 
overwritten when this instruction executes, unless you save it 
ahead of time. 



^ m address 

Zero Memory Fullword 
100110011 TM\2 SR\3 BR\2 
DISPIACEMENT\16 

Calculates an effective address, EA. Loads into the 32-bit location 
specified ty EA. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



^ ZMH address 

Zero Memory Halfword 
101110011 TM\2 SR\3 BR\2 
DISPLACEMENT\16 

Calculates an effective address, EA. Loads into the 16-bit location 
specified hy EA. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 
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^ ZMV 

Move Qiaracter Field 
0000001001001100 

Moves a dhaxacter field from one location to another. Uses 3?egisters 
GR3, GR4, FARO, FARl, FIfiO, and Fli^l. At the end of this instruction, 
the contents of these registers are indeterminate. 

FARO contains the address of the so\iroe string (lyte aligned). FIBO 

specifies the length in tytes, N, of the source string. FARl contains 

the address of the destination string (byte aligned). Fmi specifies 
the length in bytes, M, of the destination string. 

Compares N and M. If N is less than M, the instruction moves the 
contents of the source string into the destination string followed hy 
M-N spaxse Ghaj?acters. A space character is '240 or '40 when bit 12 of 
the kejTS is or 1, respectively. If the destination string is 
shorter, the instruction moves the first M cliaracters of the source 
string into the destination string. 

When the instruction completes, the values of FARO, FARl, FLRO, FLRl, 
CBIT, LINK, and the condition codes are indeterminate. 



Note 

This instruction uses CJR3, GR4, the FARs, and the FLRs during 
its operation. Since ZMV does not save the contents of these 
registers before using them, any data contained in them is 
overwritten when this instruction executes, unless you save it 
ahead of time. 

This instruction does not work with overlapping strings. See 
Chapter 6 of the System Architecture Reference Guide for more 
information. 



^ ZMVD 

Move Characters Between Equal Length Strings 
0000001001001101 

Moves characters from one string to another of equal length. Uses 
registers GR3, (314, FARO, FARl, FlilO, and FUll. At the end of this 
instruction, the contents of these registers are indeterminate. 

FARO contains the address of the source string. FARl contains the 
address of the destination string. FlRl contains the nimiber of 
characters to move, N. 

The instruction moves N characters from the source string to the 
destination string. Characters are moved from lower adxlresses to 
higher addresses. 
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When the 2a>IVD instruction completes, the values of FARO, FARl. FIBO, 
Flill, CBIT, LINK, aM the condition codes axe indeterminate. 



Note 

The ZMVD instruction uses GB3, CM. the FARs, and the FIJRs 
during its operation. Since ZMVD does not save the contents of 
these registers before -using them, any data contained in them 
is overwritten when this instruction executes, unless you save 
it ahead of time. 

This instruction does not work with overlapping strings. See 
Caiapter 6 of the System Architecture Reference Guide for more 
information. 



^ ZTRN 

Character String Translate 
0000001001001000 

Translates a string of characters and stores the translations in the 
specified destination. Uses registers GR3, (314, FARO, FARl, FLEO, and 
FlRl. At the end of this instruction, the contents of these registers 
are indeterminate. 

FARO contains the address of the source string (byte aligned). FARl 
contains the address of the destination string (byte aligned). FIRl 
specifies the length of the source and destination strings. XB 
contains the address of a translation table. Each byte in the 256-tyte 
table contains an alphabetic character. 

The instruction \jses the address in FARO to reference a charaxjter. It 
interprets this chaxacter as an integer, adding it to the contents of 
XB to form an address into the translation table. The instruction 
takes the referenced character in the translation table and writes it 
into the location specified by FARl. After storing the character, the 
instruction increments the contents of FARO and FARl by 1, decrements 
the contents of Flill by 1, and repeats the operation until FIRl 
contains 0. 

At the end of the instruction, FARO and FARl point to the location that 
follows the last byte of the source and destination strings, 
respectively. FLRl contains 0. Leaves the valiies of XB, CBIT, LINK, 
aai the condition codes unchanged. 
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Note 

This instruction uses (313, (344, the FARs, aai the FLRs diiring 
its operation. Since ZTEIN does not save the contents of these 
registers before using them, any c3ata contained In them is 
overwritten when this instruction executes, unless you save it 
ahead of time. 
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Condition Code 
Information 



Bits 9-10 of the TsBsys contain the condition codes. Many axithmetic, 
hranoh, skip, jump, and other instructions set these bits to indicate 
the result of a test (result is less than 0, for exantple), to indicate 
whether a value is positive or negative, and so an. Other instructions 
use the condition code values as Boolean values. The instruction 
entries in Chapters 2 and 3 of this manual also descrite how an 
Instruction affects the state of these bits. 

The LT condition code (bit 9 of the keys) contains the extended sign 
for arithmetic and comparison operations. The extended sign is the 
sign of the result as if the operation had been done on a machine of 
infinite precision; thus, LT shows the correct sign of the result 
despite any overflow. For logic operations. LT reflects the sign of 
the result. 

The BQ condition code (bit 10 of the keys) shows whether or not a 16- 
or 32-bit result is equal to 0. 

Table A-1 shows condition code interpretation for comparison, 
arithmetic, and logic operations. 
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TgLble A-1 
Interpretation of Condition Codes 



LT, FQ 
Val\ie 



00 



Compaxison 



Arithmetic 



Register > 
Register > EA 
Reg 1 > Reg 2 



Signed result > 
Unsigned result <> 



Logic 

Result <> 0, 
High-order bit = 



01 



Register = 
Register = EA 
Reg 1 = Reg 2 



Result = 



Result = 0, 
High-order bit = 



10 



11 



Register < 
Register < EA 
Reg 1 < Reg 2 



Result < 



Result <> 0, 
High-order bit = 1 



Not working 



Possible if largest 
negative number is 
added to itself. 
(CBIT is set to 1 
as well, to 
iixiicate overflow.) 



Not working 
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B 



Addressing 
Information 



As noted in CSiapter 1, the 50 Series processors support several kinds 
of addressing: direct addressing, indexed addressing, indirect 
addressing, indirect indexed addressing, aiid general register relative 
addressing. In addition, these processors also have several modes of 
addressing, each of which forms addresses differently. 



ADCRESSIWS MODES AND FORMATS 

The addressing modes are listed lelow. Their formats and address 
formation are supplied in this Appendix. 

• 64V Mode, Short Form 

• 64V Mode, Long Form and Indirect Form 

• 321 Mode 

• 32R Mode 

• 64R Mode 

• 16S Mode 

• 32S Mode 

Address trap information is also provided at the end of this Appendix. 
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64V Mode Short Form 



Figure B-1 and Table B-1 display and explain 64V mode short form 
instructions . 



12 3 6 7 8 



I I X I OP I S I DISPLACEMENT 



Instruction Format 



ADCRESS 



Indirect Pointer Format 



16 



16 



64V Mode Formats, Short Form 
Figure B-1 













Table B-1 












64V Mode Short Form Summary 




1 I 1 


X 1 


S 1 


Disp 


1 


Inst Type i 


Example i 


Form of EA 1 


1 1 


1 


1 


0- 


'7® 1 


Direct 1 


IDA ACR 1 


RBG 1 


1 1 


1 




'10- 


'377 1 


Direct 1 




SBfD 1 


1 1 


1 




'400- 


'777 1 


Direct®® 1 




LB+D 1 


1 

1 


1 





0- 


'7® 1 


Indesffid i 


T,m AER.X 1 


REG, if DfX<'7;@ 1 
SB+DfX, if I>fX>'7® 1 


1 






'10- 


'377 


Indexed i 




SB+DfX 1 


1 






'400- 


'777 


Indexedii® 




LB+DfX 1 


1 1 


n 





0- 


'7® 


Indirect 


IDA AER,* 


I(RH3) 1 


1 






'10- 


'777 


Indirect 




l(EBfD) 1 


1 1 

1 
1 


1 





0- 


'7 


Indirect, 
preindexed 


IDA AER.X* 


I(RBG), if DfX<'7;®l 
I(PBfDfX), 1 

if DfX>'7® 1 


1 
1 






'10- 


'77 


Indirect, 
preindexed 


IDA Am.x* 


I(PB+IHX) 1 

1 


1 

1 






'100- 


'777 


Indirect, 
postindexed 


T,nA AER,*1 


I(P&fD)+X 1 

1 


1 





1 1 


1 '-340- 


'+377 


Direct 


IDA Am 


P+D 1 


1 n 


1 1 


1 1 


1 '-340- 


'+377 


1 Indexed 


1 IDA AER.l 


P+DfX 1 


1 1 


1 n 


1 1 


1 '-340- 


'+377 


1 Indirect 


1 IDA Am,* 


1 I(P+D) 1 


1 1 

1 


1 1 


1 1 


1 '-340- 


'+377 


1 Indirect, 
1 preindexed 


1 IDA Am,i* 

1 


1 I(P+D4-X) 1 
1 1 


Seco 


nd B 


liti 


on 
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ADCRESSING INPCRMATION 



Notes to Table B-1 

@ This table assumes segmented mode (modals bit 14 = 1). For 

nonsegmented mode, the displaoement range is to '37, 

rather than to '7. This means that the range '10 to '377 

changes to '40 to '377 in nonsegmented mode. The range '400 
to '777 I'emains unchanged. 

m In these address forms, the displacement offsets the 
contents of LB ty '400 (bit 8=1). To compensate for this, 
set the contents of LB to the current value of the link 
frame minus '400 . For example, if the segment number in LB 
is '4002 and the offset number in the displacement is 
'177400, the offset of '400 gives the location of the link 
frame as segment number '4002, offset number 0. 

This mode allows one level of indexing, aM one of indirection, 

RBG refers to a location in the register file. See Address 
Traps at the end of this chapter. 

The instructions DFLX, FLX, JSX, LDX, LDY, QFLX, STX, and STY 
do not do indexing. The effective address is formed as if 
bit 2 = 0. 
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64V Mode, Long Form aiid Indlreot Form 



Figure B-2 aM Table B-2 display aM explain 64V mode long and i n di r ect 
form instructions. 



1 2 3 6 7 11 12 13 14 15 16 17 32 
I I I X I OP I 11000 I Y I XX I ER I DISP I 



33 48 

I AtXaiENT OQDE* I 

Instruction Format 



12 3 4 5 



16 17 



32 



F I RING I I SBCMENT 



OFFSET 



32-bit Indirect Pointer Format 



12 3 4 5 



16 17 32 33 36 37 



48 



I F I RING I 1 I SBCaiENT I OFFSET I BIT# I RESERVED 



48-bit Indirect Pointer Format** 



* For quad operations only. 

** This indirect format is iised only by a few instructions; 
most use the 32-bit form. 



64V Mode Foimats, Long Form and Indirect Form 
Figure B-2 
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Table B-2 
64V Mode Long Form, Indirect Summary 



1 I 


1 X 


1 Y 


1 BR 


1 Instruction Type 


1 Example 


1 Form of EA 1 


1 


1 


1 


1 00 
1 01 

1 10 
1 11 


1 DiTect 


1 LDA AER 


1 PB/D 1 
1 SBfD 1 
1 TiRfD 1 
1 XBf D 1 


1 u 


1 u 


1 1 


1 00 
1 01 
1 10 
1 11 


1 Indesced iy Y 


1 LDA AER.Y 


1 PB/DfY 1 
1 SBfDfY 1 
1 LB+IM-Y 1 
1 XBf Df Y 1 


1 


i 





1 00 
1 01 
1 10 

1 11 


Indexed, ty X 


1 LDA AER.X 


1 PB/DfX 1 

1 SBfDfX 1 

LBfDfX 1 

XBfEH-X 1 


1 


i 


1 


00 
01 
10 

11 


Indirect 


LDA Am,* 


I(PB/D) 1 
I(SBfD) 1 
I(LBfD) 1 
I(XBfD) 1 


1 1 1 


U 1 


u 


UU 1 
01 1 
10 1 

11 1 


Preindexed ty Y 


LDA ACR,Y* 


l(PB/DfY) 1 
I(SB+DfY) 1 
I(LB+DfY) 1 
I(XBfEN-Y) 1 


1 1 1 


U 1 


i 


UU 1 
01 1 
10 1 

11 1 


Postindexed ty Y 


LDA Am,*Y 


ICPB/D)+Y 1 
I(SB+D)+Y 1 
I(LB+D)+Y 1 
I(XBfD)+Y 1 


1 1 1 


i 1 


U 1 


UU 1 
01 1 
10 1 

11 1 


Preindexed ty X i 


LDA Am,X* 1 


KPB/DfX) 1 
KSBfDfX) 1 
I(lBfDfX) 1 
KXB+DfX) 1 


1 1 1 


i 1 


i 1 


UU 1 
01 1 
10 1 

11 1 


Postindexed ty X I 


LDA AER, *X 1 


I(PB/D)+X 1 
KSBfD)+X 1 
l(LBfD)+X 1 
KXBfD)+X 1 










Notes to Table 


B-2 





The processor performs X and Y indexing and 32-bit word 
(inter-segment) indirection. 

PB/D indicates that the displacement is relative to the origin 
of PB. PB specifies the segment number (the offset must be 0); 
the displacement specifies the offset. 

All displacements are within the ran.ge to '177777. 
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Second Edition 






The instrucrtions IFLX, FIX. JSX, UK, UJi, QFLX, STX, and STY 
do not do indexing. The effective address is formed as shovm 
in Table B-3. Bit 2, the X bit, is used as part of the opcode 
in these instructions. 



Table B-3 
Address Formation for Nonindexing Instructions 



i I 

1 


X i Y 


Instraction Type i 


1 


1 


Direct 1 


1 


1 1 


Direcb i 


1 


1 1 


Direct 1 


1 


1 1 1 


Direct 1 


1 1 


1 


KA) 1 


1 1 


1 1 


KA) 1 


1 1 


1 1 


KA) 1 


1 1 


1 1 1 


KA) 1 




Notes to Table B-3 



For the earlier processors listed in "About This Book" , see 
Appendix B for information on their address formation for 
nonindexing instructions. 

The symbol A in Table B-3 3?epresents the value calculated from 
the base register (PB, SB, LB, or XB) aixi displax>ement in the 
instruction. 
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ACCRESSING INFORMATION 



521 Mode 

Figure B-3 and TEible B-4 display and escplaln 321 mode instructions. 



6 7 9 10 11 12 14 15 16 17 



32 



OP I ER I TM I SR I BR I DISPLACEMENT 



Instruction Format* 



12 3 4 5 



F I RING I I SBOMENT 



16 17 32 

I OFFSET 



In di r ect Pointer Format (Short Form) 



12 3 4 5 



16 17 32 33 36 37 



48 



F I RING I 1 I SEGMENT I OFFSET I BIT* I RESERVED I 



Indirect Pointer Format (Long Form) 

12 3 4 5 16 17 32 

F I RING I B I SE(3ffiNT I OFFSET 



C Language Pointer** 
16 17 



32 



INSTRUCTICN BITS 17 TO 32 I ZEROES 



Immediate Type 1*** 
16 17 



32 



SIQI EXTENSION I INSTRUCTION BITS 17 TO 32 



Immediate Type 2*** 
1 8 9 56 57 

t BITS 17 TO 24 I 



ZEROES 

Immediate Type 3 (Floating Point)***, **** 

321 Mode Formats 
Figure B-3 



64 

I BITS 25 TO 32 I 
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Notes to Figure B-3 



* TM is the tag modifier whicti, in oombination with 
and BR fields, specifies the instruction tjTpe. 



the SR 



** The C language pointer is not available 
processors listed in "About This Book" . 



for the earlier 



immediate type to use. 

the processor forms the 
iinnvediate in the appropriate format and stores it 
intemaily for use in the operation as shown in Figure B-3. 



*** The instruction specifies the 
During instruction execution, 



**** Bits 1 to 8 of Immediate Type 3 are 
instruction bits 17 to 34; bits 
instruction bits 25 to 32. 



formed from I mode 
57 to 64 from I mode 



Table B-A 
321 Mode Summary 



TM I SR I BR I Instruction Type 



I EA (Segment) I EA (Offset) 



3 1 


1 


- 1 


3 1 


>0 1 


- 1 


2 


1 


- 1 


2 


>0 ' 


- ! 


1 





- 1 


1 


X) 


- 1 





0-7 


1 








1 1 





>0 


1 1 








2 1 





1 


2 1 





2 


2 1 





3 


2 1 





4-7 


2 1 





0-7 


3 1 



Indirect 

In±Lrect postindexed 

Indirect 

Indirect preindexed 

Direct 

Indexed 

Register-to-register 

Immediate type 1 

Immediate type 2 

Immediate type 3 

Floating register 
source (FRO) 

Undefined; generates 
UII (tmimplemented 
instruction) fault 

Floating register 
source (FRl) 

Undefined; generates 
UII fault 

General register 
relative (undefined 
for the earlier 
processors listed in 
"About This Book") 



1(5 to 16) 
1(5 to 16) 
1(5 to 16) 
1(5 to 16) 
BR(5 to 16) 
BR(5 to 16) 



SR(5 to 16) 



I(DfBR) 

(I(D+-BR))+SRHI 

l(DfBR) 

I(DfBR+SRH) 

DfBR 

DfBR+SRH 



DfSRL 



Note to Table B^ 
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ADCRESSING INPCRMATICN 



32R Mode 



Figure B-4 aM TeOjIg B-5 display aod explain 32R mode instnicTtions. 



12 3 6 7 8 



16 



I I X I OP I S I DISPLACEMENT I 



Short Instruction Format 



12 3 6 7 12 13 14 15 16 



I I I X I OP I 110000 I OP I CB I 



16-bit Long Instruction Format 



12 3 6 7 12 13 14 15 16 17 32 



I I I X I OP I 110000 I OP I CB I DISP I 



32-bit Long Instruction Format 



1 2 



16 



I I I 



ACCRESS 



Indirect Pointer Format 



1 2 



16 



I 



AEOIESS 



Final Effective Address Format* 



32R Mode Formats 
Figure B^ 
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Note to Figure B-4 

The final form of an effective address in 32R mode is only 15 
bits wide. Special hardware exists to truncate the effective 
address to this length. The program counter, however, is a 
full 16 bits wide. Multilevel indirection is a feature of 
32R mode. 



Table B-5 
32R Mode Summary 



1 I 1 

1 


X 1 


S 1 


CB 1 


1 1 


1 


1 


— 1 


1 1 


1 1 


1 


— 1 


1 1 1 


1 


1 


— 1 


1 1 1 


1 1 


1 


— 1 


1 1 1 


1 1 


1 


— 1 


1 1 


1 




— 1 


1 1 


1 1 




— 1 


1 1 1 







— 1 


1 1 1 


1 




— 1 


1 1 







2 1 


1 


1 




2 1 


1 

1 1 





1 
X 


2 1 


1 







3 1 


1 

1 


1 




3 1 

1 


1 

1 1 







3 1 


1 







1 


1 


1 




1 


1 1 







1 


1 1 


1 




1 


1 

1 1 


1 




1 2 1 


! 


I 

1 




1 1 1 


1 


1 1 




1 1 1 


1 1 


1 




1 1 1 


1 1 


1 1 




1 1 1 

1 1 


1 

1 1 

1 


1 1 

1 


1 1 


1 3 1 
1 1 



Displax)ement i Instruction Type 



I Form of EA 



to "777 

to '777 

to '777 

to '77 
'100 to '777 

'-360 to '+377 

'-360 to '+377 

'-360 to '+377 

'-360 to '+377 



to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 



preindexBd 
post indexed 



indii'eGt 



Direct 

Indexed 

IiKiirect 

Indirect, 

Indirect, 

Direct 

Indexed 

Indirect 

Indirect postindexed 

©Postincrement 

©Postincrement, indirect, 
postindexed 

©Postincrement , 

♦Predecrement 

fPredecrement , indirect, 
postindexed 

tPredecrement , indirect 
*Direct, long reach 
* Indexed, long reach 
♦Indirect, long reach 
♦Indirect, preindexed, 

long reach 
♦Indirect, postindexed, 

long reach 
♦Direct, stack relative 
♦Indexed, stack relative 
♦Indirect, stack relative 
♦Indirect, preindesred 

stack relative 
♦Indirect, postindexed 
stack relative 



0/D 

0/D+X 

I(0/D) 

KO/DfX) 

I(0/D)+X 

P+D 

P+DfX 

I(P+D) 

I(P+D)+X 

SP 

I(SP)+X 

I(SP) 

SP-1 

I(SP-1)+X 

I(SP-l) 

D 

DfX 

1(D) 

I(DfX) 

I(D)+X 

D+SP 
DfSP+X 
I(D+SP) 
I(DfSP+X) 

I(D+SP)+X 
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Notes to TsLble B-5 

* 



These instruction types use the 32-bit long format shown in 
Figure B^. 

@ These instruction types use the 16-bit long format shown in 
Figure B-^. They also increment the contents of SP ty 1 
during EA formation. 

# These instruction types use the 16-bit long format shown in 
Figure B^. They also decrement the contents of SP by 1 
during EA formation. 

For all instruction types listed above, address traps can occur 
when any part of the EA formation results in an address in the 
range to '7 (segmented mode) or to '37 (unsegmented mode). 
See the end of this chapter for more information. 

The processor performs one level of indexing aai multiple 
levels of ialirection. 

0/D indicates that the displacement is within Sector 0. 

The instructions DFLX, FLX, JSX, LDX, LDY, QFLX, STX, and STiT 
do not do indexing. The processor treats the X bit as a to 
determine what addressing mode to use. For example, if one of 
these instructions specifies I, X, S, and CB as 0113, the 
processor interprets it as CXD13. 
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64R Mode 



Figure B-5 aoi Table B-6 display arxi explain 64R mode instructions. 



12 3 6 7 8 



16 



I I X I OP IS 



DISP 



Short Instruction Format 



12 3 6 7 12 13 14 15 16 



I I X I OP I 110000 I OP I CB 



16-bit Long Instruction Format 



12 3 6 7 12 13 14 15 16 17 32 



I I X I OP I 110000 I OP I CB I DISP 



32-bit Long Instruction Format 



16 
ADCRESS I 



iKiirect Pointer Format* 



*Only a single level of iijdirection is possible in 64R mode. 



64R Mode Formats 
Figui« B-5 
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Table B-6 
64R Mode Summary 



I I X I S I GB 1 Displaoement I Instruction Type 



I Form of EA 





1 
1 
1 


1 
1 



1 



1 





1 
1 






1 
1 





1 



1 
1 



1 



1 



1 




1 




1 



1 





1 



1 









1 
1 
1 
1 
1 
1 

1 

1 
1 

1 
1 
1 
1 

1 



2 
2 

2 
3 
3 

3 







to 


"rr7 


to 


"rrr 


to 


"rrr 


to 


'77 


'100 to 


'777 


'-360 to 


'+377 


'-360 to 


'+377 


'-360 to 


'+377 


'-360 to 


'+3W 



to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 

to '177777 



preindexed 
postindexed 



Direcjt 

Indexed 

Indirect 

Indirect, 

Indirect, 

nirect 

Indexed 

Indirect 

Indirect postindexed 

©Postincrement 

©Postincrement, indirect, 

postindexed 
©Postincrement, indirect 
#Predecrement 
♦Predecrement, indirect, 

postindexed 

* Predecrement , indirect 
*Direct, long reach 

* Indexed, long reach 
♦Indirect, long reach 
* Indirect, preindexed, 

long reacih 

* Indirect, postindexed, 

long reach 
*Direct, stack relative 
* Indexed, stack relative 
♦Indirect, stack relative 
♦Indirect, preindexed 

stack relative 
♦Indirect, postindexed 

stack relative 



0/D 

0/DfX 

I(0/D) 

I(0/D+X) 

I(0/D)+X 

P+D 

P+DfX 

I(P+D) 

I(P+D)+X 

SP 

I(SP)+X 

I(SP) 

SP-1 

I(SP-1)+X 

I(SP-l) 

D 

EH-X 

1(D) 

I(DfX) 

I(D)+X 

I>fSP 

msp+x 

I(DfSP) 
I(DfSP+X) 

I(D+SP)+X 
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Notes to TsLble B-6 

For all the instruction types listed in Table B-6, address 
traps can occur when any paxt of the EA formation results in an 
address in the range to '7 (segnented mode) or to '37 
(unsegmented mode) . See the end of this chapter for more 
information. 

* Ihese instruction types use the 32-bit long format shown in 
Figure B-5. 

@ These instrjction types use the 16-bit long format shown in 
Figure B-5. They also inci"ement the contents of SP by 1 
dxiring EA formation. 

# These instruction types use the 16-bit long format shown in 
Figure B-5. They also decrement the contents of SP by 1 
during EA formation. 

The processor performs one level of indexing and multiple 
levels of indirection. 

0/D Indicates that the displacement is within Sector 0. 

The instrucytions DFLX, FLX. JSX, LCK, LTO, QFLX, STX, aM STY 
do not do iiriexing. The processor treats the X bit as a to 
determine what addressing mode to use. For exantple, if one of 
these instructions specifies I, X, S, and CB as 0113, the 
processor interprets it as 0013. 



Second Edition B-14 



AECRESSING INFCRMATICN 



16S Mode 



Figure B-6 and TaJDle B-7 display and escplaui 16S mode Instructions. 



2 3 



6 7 8 



I I I X I OP I S I DISPLACEMENT 
Instruction Format 



12 3 

I I I X I 



ADCKESS 
Indirect Pointer Format 



12 3 

I I I 



AdCRESS 
Final Effective Address Format 



16S Mode Formats 
Figure B-6 



Note to Figure B-6 



16 



16 



16 



The final form of effective addresses in S mode are only 14 
bits wide. Special hardware exists to truncate the effective 
address to this length. The program counter, however, is a 
full 16 bits wide. 
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Tatole B-7 
16S Mode Suiranaxy 



I I X I S I 



Disp I Instruction Type i Exanrple lEA Form 









1 








1 1 





1 


1 





1 


1 1 


1 





1 


1 





1 i 


1 


1 


1 


1 


1 


1 1 



to 
to 
to 
to 
to 
to 
to 
to 



'77? 
'777 
'777 
'777 
'777 
'777 
'777 
'777 



I Direct 



Direct 

Indexed 

Indexed 

Iniirect 

Indirect 

Indirect preindexed. 

Indirect preindexed 



IDA AER 
LDA AER 
LDA AER.l 
ink AER.l 
LDA AER,* 
LDA AER,* 
LDA AER.l* 
LDA AER.l* 



0/D 

C/D 

0/DfX 

C/DfX 

I(0/D) 

I(C/D) 

I(DfX) 

l(DfX) 



Notes to Table B-7 

The processor performs Indexing before resolving eeudi level of 
indirection. 

This mode allows multiple levels of both indexing and 
irxiirection. 

The instructions, UK and STX, cannot do indexing. The 
effective address is formed as if bit 2 = 0. 

0/D indicates that the displacement is within Sector 0; C/D, 
within the current sector. 



Second Edition 



B-16 



ADDRESSING DJPCRMATICN 



52S Mode 

Figure B-7 and Table B-8 display and explain 32S mode instructions. 



2 3 



6 7 8 



I I I X I OP 



DISPLACEMENT 



I I 



1 2 

I I 



Instruction Format 



ADDEIESS 



Indirect Pointer Format 



ADEHBSS 



Final Effective Address Format 



16 



16 



16 



32S Mode Formats 
Figure B-7 



Note to Figure B-7 



The final form of effective addresses in S mode are only 15 
tats wide. Special hardware exists to truncate the effective 
address to this length. The program counter, however, is a 
full 16 bits wide. 
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Table B-8 
32S Mode Suiranaiy 



1 I 


X 


s 


Di^ 


TnRtruction Type 


Exanvple 


EA Form 1 


1 








to 


'VVV 


Direct 




LDA AER 


0/D i 


1 





1 


to 


'rn 


Direct 




LDA AER 


C/D 1 


1 


1 





to 


"rrr 


Indexed 




LDA AER.l 


0/DfX 1 


1 


1 


1 


to 


"777 


Indexed 




LDA AER.l 


C/EH-X 1 


1 1 








to 


"rrr 


Indirect 




LDA AER,* 


I(0/D) 1 


1 1 





1 


to 


'777 


Indirect 




LDA AER.* 


I(C/D) 1 


1 1 


1 





to 


"r? 


IMirect 


preirxiexed 


LDA ACR.l* 


I(EN-X) 1 


1 1 


1 





'100 to 


'77*? 


Indirect 


post indexed 


LDA AER,*1 


I(D)+X 1 


1 1 


1 


1 


to 


'777 


InfiiTect 


post indexed 


LDA AER,*1 


I(D)+X 1 



Notes to Table B-8 

The processor performs indexing before resolving each level of 
indirection. 



This mode allows one level of ii 
indirection. 



\, aixi multiple levels of 



The instructions, UK and STX, cannot do indextag. 
effective address is formed as if bit 2 = 0. 



The 



ADERESS TRAPS 

Several of the summaries in the last section specifyd special cases of 
EA formation when the address is within a particular range. This range 
of addresses cori?esponas to registers within the current user register 
set in the register file. (See Qiapter 9 of the System Architecture 
Reference Guide .) In segmented mode, this range is '0 to '7; in 
nonsegmented mode, '0 to '37. This range of addresses for segmented 
aM nonsegmented modes is referred to as the ATO, or address trap 
range, throughout this section. 

The registers within the user register set contain information, such as 
general, base, floating-point, aoi Index registers, and system status 
and control information. Each time any part of the EA formation 
generates an address within the AIR, an address trap aborts any read or 
write to a memory location and ii^tead refe]?enoes the specific 
register. 



, J J ^^ 



XBOlm is— y aunuiiaLi'Xiitits wu«u am ["^ss tj.a^ OOCUr j.Or Bu-A. mwuSS Oj. 



addressing aM instruction types. 
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Table B-9 
Address Trap Information 



Mode I Inst Type I Action 



16S 
32S 
32R 
64S 



64V 



Memory 
reference I 



Generic 
Generic AP 



32-bit 
memory 
reference i 

Short 
format 

16-l>it 
indirect 

32-bit 
indirect 



Address trap occurs if the EA falls 
within the ATO (address trap range). 
The instruction format or length has 
no bearing. 

Address traps never occur. 

Address traps do not occur when the 
processor is fetching the address 
pointer. 

Address traps never occur. 



See Table B-10. 



Address traps occur if the EA falls 
within the ATR. 

Address traps never occur. 



321 I All types I Address traps never occur. 



When Mts 17 to 32 of the program counter contain a value within the 
ATR and the processor is reading an instruction, an address trap always 
occurs. The only exception to this is if the machine is operating in 
321 mode. ^ 

When the processor executes short format instructions in 64V mode 
adj^ess traps can occur during operand fetches or indirect fetches.' 
pble B-10 lists the conditions that must be present for an address 
trap to occur. 
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Tai)le B-10 

Address Trap Action for Short Format 
Instructions, 64V Mode 



X 



Disp 



Action 












1 
1 
1 
1 











1 




1 

1 








1 



1 



1 



1 



to '7 
'10 to '37 

'40 to '377 
-'340 to +'377 

to ATR 



From ATR to '377 



'400 to '777 
-'340 to +'377 

to '777 
-'340 to +'377 

to '777 
-'340 to +'377 



Taikes address trap. 

Talces address trap only if 
segmentation is off. 

Cannot take address trap. 

Takes address trap if EA (P+D) is 
within the ATR. 

Takes address trap if D+X is 
within the ATR. If EM-X is 
outside the ATR, the EA is 
SB (seg #) I Dt-x (for the 750, 
850, and 2350 to 9955 II; or 
SB (seg #) I D+X+SB (offset #) 
(for all other machines). 

Cannot take address trap; EA is 
SB+DfX (for 750, 850, and 
2350 to 9955 II). 
All other machines take address 
trap if D+X is within the ATR. 

Cannot take address trap. 

Takes address trap if EA (P+D+X) 
is within the ATR. 

Takes address trap if D is 
within the ATR.* 

Takes address trap if EA 

( (P+D) ) is within the ATR. * 

Takes address trap if D<'100 and 
DfX is within the ATR.* 

Takes address trap if EA (P+D) 
is within the ATR.* 



Note to Tafcle B-10 

* The indirect address also takes an address trap if EA is 
within the ATR. 



If an instruction specifies a write operation that could potentially 
cause an address trap, the instruction loads the data to be written 

nr*4-r\ g 4-cxTn'nriT»m^' T^Qrf^ q+^t* T-P o •^•nam rv-wnmT»o -hVip i^mi+.Tno aVY*^T*+.S +.'hf> 

write to memory. It loads the specified register file location with 
the contents of the temporary register. 
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If the instructicai specifies a read operation that causes an address 
trap, the trap routine aJxjrts the menory read and fetches the contents 
of a register file location. The trap routine loads the cache from the 
register file data and allows the processor one cache access hefore 
invalidating the cache location. 

Tai>le B-11 shows the address trap locations aol the registers to vAiich 
they correspond. For more information on the register file, see 
Chapter 9 of the Ss^tem Architecture Reference Guide. 



Taile B-11 
Address Trap/Register File Correspondence 



AT 


1 S and R Modes 


1 V Mode 




'0 


1 Z 




1 X 




'1 


1 A 




1 A, IH 




'2 


1 B 




1 LL 




'3 


i S 




1 Y 




'4 


1 FAC bits 


1 to 16 


1 FAC bits 


1 to 16 1 


'5 


1 FAC bits 


17 to 32 


FAC bits 


17 to 32 1 


'6 


1 FAC exponent 


FAC exponent i 


'7 


PC. LSBs 




PC, ISBs 




'10* 


m'AR3H 




nrAR3H 




'11* 


FTDDRH 




FCULKH 




'12* 


FAIJIRL 




FAHIIKL 




'13* 










'14* 






iiHH 




'15* 






SHI, 




'16* 






TiRff 




'17* 






TiRT. 




'20* 


EMA cell 


'2QH 


EMA cell 


'2QH 1 


'21* 


EMA cell 


'20L 


EMA cell 


'207, 1 


'22* 


EMA cell 


'22H 


EMA ORll 


'22H 1 


'23* 


EMA cell 


'22T. 


EMA ORll 


'221, 1 


'24* 


EMA nell 


'24H 


EMA cell 


'ME 1 


'25* 


EMA cell 


'24L 


EMA cell 


'24L 1 


'26* 


EMA cell 


'26H 


EMA cell 


'2f5H 1 


'27* 


EMA cell 


'26T, 1 


EMA cell 


'26L 1 


'30* 


EMA cell 


'3QH 1 


EMA nen 


'3CH 1 


'31* 1 


EMA cell 


'30L 1 


EMA cell 


'30L 1 


'32* 1 


EMA cell 


'32H 1 


EMA cell 


'32H 1 


'33* 1 


EMA cell 


'32L 1 


EMA cell 


'32L 1 


'34* 1 


EMA cell 


'34H 1 


EMA cell 


'34H 1 


'35* 1 


EMA cell 


'34L 1 


EMA ORll 


'34L 1 


'36* 1 


EMA cell 


'36H 1 


EMA nell 


'3eH 1 


'37* 1 


EMA cell 


'36L 1 


EMA cell 


'36L 1 
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Note to TatxLe B-11 

* These correspoM to iiser register file 
locations only in nonsegmented mode. 



SUMMARY 

The fields of a memory reference instmction specify information -used 
to form an effective address. These fields specify which information 
is to be used in tbe formation, how the formation is to be done, 
and ~ in conjunction with the rest of the progreum ~ the addressing 
mode under which the address is to be formed. Depending on the 
segmentation mode aai the EA formation, addresses can reference 
3?egisters within the current user legister file as well as memory 
locations. 
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Instruction Summary 

Charts 



This appendix contains two instrucrtion summary charts: one for S, R, 
and V modes; another for I mode. Each chart contains a list of 
instructions for the Prime 50 Series processors. (Appendix E lists 
those instructions that have been archived.) Eadh instruction is 
followed iy its octal code, format, function, addressing mode, CBIT, 
LINK, aijd condition code information, aM a one-line description of the 
instruction. 

The columns in each, chart axe as follows: 

R Restrictions : 

Blank Regular instruction. 

R Instruction causes a restricted mode fault if 

executed in other than Ring 0. 
P Instruction may cause a fault depeixiing on 

address. 

Moem A mnemonic name recognized ty the assembler FMA. 

Opcode Octal operation code portion of the instruction. 
RI Register (R) and Immediate (I) forms, if available. 
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Form 



Format of instruction: 



Mnemonic 


Definition 




AP 


Aidress Pointer 




BRAN 


Brancti 




CHAR 


C!ha.racter 




TTROI 


Decimal 




GEN 


Generic 




GR 


General Register 


— non Memory Ref ere: 


!KHN 


I Mode Branch 




MR 


Memory Reference 


— Non I Mode 


MRFR 


Memory Reference 


~ Floating Register 


MRGR 


Memory Reference 


— General Register 


MRNR 


Memory Reference 


— Non Register 


PIO 


Programmed I/O 




ra4KN 


Register Generic 




iiHJ?"i' 


Shift 





Func 



Function of instruction: 



Mnemonic 


Definition 


AEMOD 


Addressing Mode 


BRAN 


Brandh 


CHAR 


Gharax3ter 


CTTiFAR 


deal Field 


CPi'R 


C Language Pointer 


IMJi 


Decimal Arithmetic 


FTKTD 


Field Register 


FLPT 


Floating Point Arithmetic 


GRR 


General Register Relative 


INT 


Integer 


nriGY 


Integrity 


10 


Input /Output 


KEYS 


Keys 


LOGIC 


logical Operations 


LTSTS 


Logical Test and Set 


MCTL 


Machine Control 


MOVE 


Move 


PCHJ 


Program Ctontrol and Jump 


H«JKX 


Process Exchange 


QCMJE 


Queue Control 


SHU?'!' 


Register Shift 


SKIP 


Skip 
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M Addressing modes of instructions: 

Mode Name 

S Sectored 

R Relative 

V Virtual (64V) 

I 321 

C How instruction affects the CBIT and LINK. 

Code Definition 

CBIT and LINK are undianged 

1 CBIT = unchanged; LINK = carry 

2 CBIT = overflow status; LINK = carry 

3 CBIT = overflow stat\as; LINK = indeterminate 

4 CBIT = shift extension; LINK = shift extension 

5 CBIT = result; LINK = indeterminate 

6 CBIT and LINK are indeterminate 

7 CBIT and UNK are loaded ty the instruction 

8 CBIT = result; LINK = unchanged 

9 CBIT = unchanged; LINK = lJ3dete3?minate 

* CBIT and LINK valvies vary among processors; 
see Individual instruction description 

GC How instruction affects the condition codes. 

Code Definition 

Condition codes are unchanged. 
1 Condition codes are set to reflect the result 
of arithmetic operation or compare. 

4 Condition codes are set to reflect result of 
branch, compare, or logicize operand state. 

5 Condition codes are iixieterminate . 

6 Condition codes are loaded iy Instruction. 

7 Condition codes show special results for this 
instruction. 

Description A brief description of the instruction. 



Table C-1 contains a summary of S, R, and V mode instructions. Table 
C-2 is a summary of I mode instructions. Instructions that have been 
archived are not in either of these tables; see Appendix E for them. 
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Table C-1 
S, R, V Mode Instruction Summary 



R Mnem 


Opciode 


Form 


Fimn 


M 


c 


OC 


Description 


AlA 


141206 


(4KW 


INT 


SRV 


2 


1 


Add One to A 


A2A 


140304 


GEN 


INT 


SRV 


2 


1 


Add. Two to A 


AHQ 


141716 


AP 


(,JUEUE 


V 


- 


7 


Add. Entry to Bottom of Queue 


ACA 


141216 


(iKN 


INT 


SRV 


2 


1 


Md CBIT to A 


ADD 


06 


MR 


INT 


SRV 


2 


1 


/rid 


ATTT, 


06 03 


MR 


INT 


V 


2 


1 


Add Long 


ADTiT, 


141000 


GEN 


INT 


V 


2 


1 


Add LINK to L 


ALFA 


001301 


GEN 


FTRTD 


V 


6 


- 


Add L to FAR 


ALFA 1 


001311 


GEN 


FIKN) 


V 


6 


- 


Aid L to FAR 1 


ALL 


0414XX 


SIU<T 


SHIFT 


SRV 


4 


- 


A Left Logical 


AIH 


0416XX 


tiHi-T 


SHU?"!' 


SRV 


4 


- 


A Left Rotate 


ALS 


0415JiX 


SHFT 


Siiii?T 


SRV 


3 


- 


A Arithmetic Left Shift 


ANA 


03 


MR 


LOGIC 


SRV 


- 


- 


AND to A 


ANL 


03 03 


MR 


LOGIC 


V 


- 


- 


AND to A long 


ARGT 


000605 


GEN 


PCTLxT 


V 


6 


5 


Argument Transfer 


ARL 


0404XX 


SHFT 


SHU^T 


SRV 


4 


- 


A Right Logical 


ARR 


0406XX 


SHFT 


SHiJ^T 


SRV 


4 


- 


A Right Rotate 


ARS 


0405XX 


SHFT 


SHJJ-'i' 


SRV 


4 


- 


A Arithnetic Right Shift 


A'iV 


141717 


AP 


QUEUE 


V 


- 


7 


Add Entry to Top of Queue 


BCBQ 


141602 


BRAN 


BRAN 


V 


- 


- 


Branch on Condition Code BQ 


Bfi;K 


141605 


BRAN 


BRAN 


V 


- 


- 


Branch on Condition Code GE 


hxx?r 


141601 


BRAN 


BRAN 


V 


- 


- 


Branch on Condition Code GT 


BCTT-R 


141600 


BRAN 


BRAN 


V 


- 


- 


Branch on Condition Code LE 


BfTT.T 


141604 


BRAN 


BRAN 


V 


- 


- 


Branch on Condition Code LT 


BCNE 


141603 


BRAN 


BRAN 


V 


- 


- 


Branch on Condition Code NE 


BCR 


141705 


BRAN 


BRAN 


V 


- 


- 


Branch on CBIT Reset to 


PCS 


141704 


BRAN 


BRAN 


V 


- 


- 


Branch on CBIT Set to 1 


KIW 


140734 


BRAN 


BRAN 


V 


- 


- 


Branch on Decremented X 


BOY 


140724 


BRAN 


BRAN 


V 


- 


- 


Branch on Decremented Y 


idblQ 


140612 


BRAN 


BRAN 


V 


- 


4 


Branch on A Equal to 


lit-'tQ 


141612 


BRAN 


BRAN 


V 


- 


4 


Branch on F Eqiia.! to 


BtUfc; 


141615 


BRAN 


BRAN 


V 


— 


4 


Branch on F Greater Than or 
Eqiia,! to 


KtUi' 


141611 


BRAN 


BRAN 


V 


- 


4 


Branch on F Greater Than 


WIS 


141610 


BRAN 


BRAN 


V 


— 


4 


Branch on F Less Than or 
Eqiia,! to 


Kb'LT 


141614 


BRAN 


BRAN 


V 


- 


4 


Branch on F Less Than 


BFNE 


141613 


BRAN 


BRAN 


V 


- 


4 


Branch on F Not Equal to 


BGE 


140615 


BRAN 


BRAN 


V 


— 


4 


Branch on A Greater Than or 
Equal to 


BGl' 


140611 


BRAN 


BRAN 


V 


- 


4 


Brancb on A Greater Than 


BIX 


141334 


BRAN 


BRAN 


V 


- 


- 


Brancih on Incremented X 


BIY 


141324 


BRAN 


BRAN 


V 


- 


- 


Branch on Incremented Y 


RT,K 


140610 


BRAN 


BRAN 


V 


— 


4 


Branch on A Less Than or 
Equal to 


BTiRQ 


140702 


BRAN 


BRAN 


V 


— 


4 


Branch on L Equal to 
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Table C-1 (continued) 
S, R, V Mode Instruction SuinmeLry 



R Mnem 


Opcode 


Form 


Funn 


M 


C 


OC Description 


RTfiR 


140615 


BRAN 


BRAN 


V 


- 


4 


Branch, on L Greater Than or 
Equa.l to 


Rr(TT 


140701 


BRAN 


BRAN 


V 


- 


4 


BranGti on L Greater Tha,Ti 


RTiTf, 


140700 


BRAN 


BRAN 


V 


— 


4 


Branch on L Less Than or 
Equal to 


BLLT 


140614 


BRAN 


BRAN 


V 


- 


4 


Branch on L Less Tha.n 


EL2^ 


140703 


BRAN 


BRAN 


V 


- 


4 


Branch on L Not Eqiia,! to 


RTR 


141707 


BRAN 


BRAN 


V 


- 


- 


Branch on LINK Reset to 


RTB 


141706 


BRAN 


BRAN 


V 


- 


- 


Branch on LINK Set to 1 


BLT 


140614 


BRAN 


BRAN 


V 


- 


4 


Branch on A Less Than 


BMQI^ 


141602 


BRAN 


BRAN 


V 


— 


— 


Branch on Magnitude 
Condition BQ 


BM3E 


141706 


BRAN 


BRAN 


V 


— 


— 


Branch on Magnitude 
Condition GE 


BMGT 


141710 


BRAN 


BRAN 


V 


— 


— 


Branch on Hagaltude 
Condition GT 


BMLE 


141711 


BRAN 


BRAN 


V 


— 


— 


Branch on Magnitude 
Condition LE 


BMLT 


141707 


BRAN 


BRAN 


V 


— 


— 


Branch on Magnitude 
Condition LT 


BMNE 


141603 


BRAN 


BRAN 


V 


— 


— 


Branch on Magnitude 
Condition NE 


ENE 


140613 


BRAN 


BRAN 


V 


- 


4 


Branch on A Not Eqtia,! to 


GAL 


141050 


GEN 


fTT-EAR 


SRV 


- 


- 


Clear A Left Byte 


CALF 


000705 


AP 


PCIU 


V 


6 


5 


Call Fault Handler 


GAR 


141044 


GKN 


or .EAR 


SRV 


- 


- 


Clear A Right Byte 


GAS 


11 


m 


f^TP 


SRV 


1 


1 


Coiirpare A and Skip 


GAZ 


140214 


GEN 


SKIP 


SRV 


1 


1 


Compa.Te A with 


CEA 


000111 


GEN 


PCELJ 


SR 


- 


- 


Compute Effective Address 


Ofi' 


001314 


GEN 


BRAN 


V 


6 


5 


Computed GOiU 


GHS 


140024 


GRfT 


INT 


SRV 


- 


- 


Change Sign 


as 


11 03 


MR 


LOGIC 


V 


1 


1 


Compare L and Skip 


GMA 


140401 


GEN 


LOGIC 


SRV 


- 


- 


Cton^lement A 


GRA 


140040 


GEN 


err .FAR 


SRV 


- 


- 


Clear A to 


GRB 


140015 


GKN 


GTiFAR 


SRV 


- 


- 


Clear B to 


GRE 


141404 


GEN 


or, FAR 


V 


- 


- 


Clear E to 


CRL 


140010 


GEN 


or .FAR 


SRV 


- 


— 


Clear L to 


GRLE 


141410 


GKN 


Gr.FAR 


V 


- 


- 


Clear L a,nd E to 


GSA 


140320 


am 


MOVE 


SRV 


5 


- 


Copy Sign of A 


DAD 


06 


MR 


INT 


SR 


2 


1 


Double Add 


IIKI, 


000007 


GES 


INT 


SR 


- 


- 


Enter Double Precision Mode 


Dt'AD 


06 02 


MR 


FLPT 


RV 


3 


5 


Double Precision Floating 
Aid 


Di-GM 


140574 


am 


FLPi' 


RV 


3 


5 


Double Precision Floating 
Complement 


JJbGS 


11 02 


MR 


PUT 


RV 


6 


5 


Double Precision Floating 
Compare and Skip 
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Table C-1 (continued) 
S, R, V Mode Instruction Summaxy 



R Mnem 


Opcode 


Form 


Fimc 


M 


c 


00 


Description 


DbW 


17 02 


MR 


FLHi' 


RV 


3 


5 


Double Precision Floating 
Divide 


Dt'LD 


02 02 


MR 


FLPi' 


RV 


— 


— 


Double Precision Floating 
Load 


Ub'iiX 


15 02 


MR 


FIiPT 


V 


— 


— 


Double Precision Floating 
Load Index 


DFMP 


16 02 


MR 


FLPT 


RV 


3 


5 


Double Precision Floating 
Multiply 


Ulb'SB 


07 02 


MR 


FLPT 


RV 


3 


5 


Double Precision Floating 
Subtract 


Ut'ST 


04 02 


MR 


FLPT 


RV 


— 


— 


Double Precision Floating 
Store 


DIV 


17 


MR 


INT 


V 


3 


5 


Divide 


DIV 


17 


MR 


INT 


SR 


3 


5 


Divide 


nT,D 


02 


MR 


MOVE 


SR 


- 


- 


Double Load 


DRN 


040300 


GtlN 


FLPT 


V 


3 


5 


Double Round From Quad 


DRNM 


140571 


GEN 


FLPT 


V 


8 


5 


Double RoviM From Quad 
Towards Negative Infinity 


ERNP 


040301 


GEN 


FLPi' 


V 


3 


5 


Double Round From Quad 
Towaixis Positive Infinity 


ERNZ 


040302 


GEN 


FLPT 


V 


3 


5 


Double Roxmd From Quad 
Towards Zero 


EKX 


140210 


GRN 


,SKTP 


SRV 


- 


- 


Decrement a.Tiii Replace X 


DSB 


07 


MR 


INT 


SR 


2 


1 


Double Subtract 


DST 


04 


MR 


MOVE 


SR 


- 


- 


Double Store 


DVL 


17 03 


MR 


INT 


V 


3 


5 


Divide Long 


E16S 


000011 


GEN 


AIM3D 


SRV 


- 


- 


Enter 16S Mode 


i;b2I 


001010 


GEN 


AEwnn 


SRV 


- 


- 


Enter 321 Mode 


E32R 


001013 


GKN 


AIMU 


SRV 


~ 


- 


Enter 32R Mode 


E32S 


000013 


(tT-TN 


AEMCD 


SRV 


- 


- 


Enter 32S Mode 


B64R 


001011 


GEN 


AEWm 


SRV 


- 


- 


Enter 64R Mode 


E64V 


000010 


(4KN 


ACWOI) 


SRV 


- 


- 


Enter 64V Mode 


EAA 


01 01 


MR 


MOVE 


R 


- 


- 


Effective Address to A 


EAFA 


001300 


AP 


FTKTD 


V 


- 


- 


Effective Mdress to FAR 


EAFA 1 


001310 


AP 


FIKIJ) 


V 


— 


- 


Effective Address to FAR 1 


EAL 


01 01 


MR 


POTLJ' 


V 


- 


- 


Effective Address to L 


EAT.B 


13 02 


MR 


VCl'LJ 


V 


— 


- 


Effective Airiress to LB 


EAXB 


12 02 


MR 


PCTLJ 


V 


- 


- 


Effective Address to XB 


R EIO 


14 01 


MR 


10 


V 


- 


7 


KxFKJute I/O 


R ENB 


000401 


GEN 


10 


SRV 


- 


- 


Enable Interrupts 


R ENHL 


000401 


GEN 


10 


SRV 


— 


- 


Enable Interrupts (Local) 


R ENEM 


000400 


GEN 


10 


SRV 


- 


- 


Enable Interrupts (Mutual) 


R ENBP 


000402 


GEN 


10 


SRV 


- 


- 


Enable Interrupts (Process) 


mA 


05 


MR 


LOGIC 


SRV 


- 


- 


RKoliisive OR to A 


ERL 


05 03 


MR 


LXIC 


V 


- 


- 


Excl-usive CJR to L 


FAD 


06 01 


MR 


FLPT 


RV 


3 


5 


Floating Add 
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Table C-l (continued) 
S, R, V Mode Instruction Sununaxy 



R Mnfsm 


Opcode 


Form 


Func 


M 


C 


OC 


i Description 


POJy 


140571 


GEN 


FLPT 


V 


- 


- 


Floating Convert Double to 
Quad 


PCM 


140530 


GEN 


FLPT 


RV 


3 


5 


Floating Canplement 


PCS 


11 01 


MR 


FLPT 


RV 


6 


5 


Floating Compare and Skip 


PIKI, 


140016 


GEN 


FLPT 


V 


_ 


— 


Floating Convert Single to 
Double 


PDV 


17 01 


MR 


FLPT 


RV 


3 


5 


Floating Divide 


FLD 


02 01 


MR 


FLPT 


RV 


- 


- 


Floating Load 


FUJI' 


140550 


GEN 


FLPT 


R 


6 


5 


Convert Integer to Floating 
Point 


FLTA 


140532 


(4KN 


FLPT 


V 


6 


5 


Convert Integer to Floating 
Point 


FLTL 


140535 


GRN 


FLPT 


V 


6 


5 


Convert Long Integer to 
Floating Point 


FLX 


15 01 


MR 


FLPT 


RV 


- 


- 


Floating Load Index 


FMP 


16 01 


MR 


FLPT 


RV 


3 


5 


Floating Multiply 


FRN 


140534 


GEN 


FLPT 


RV 


3 


5 


Floating Round 


FBm 


040320 


GEN 


FLPi' 


V 


3 


5 


Floating Round Towards 
Negative Infinity 


FRNP 


040303 


GEN 


FLFT 


V 


3 


5 


Floating Round Towards 
Positive Infinity 


FRNZ 


040321 


GEN 


FLPT 


V 


3 


5 


Floating Round Towards Zero 


FSB 


07 01 


MR 


FLPT 


RV 


3 


5 


Floating Subtract 


FSGT 


140515 


GEN 


FLPT 


RV 


— 


5 


Floating Skip If Greater 
Than 


FRTiP: 


140514 


GRN 


FLPT 


RV 


— 


5 


Floating Skip If Less Than 
or Equal to 


FSMI 


140512 


GEN 


FLPT 


RV 


- 


5 


Floating Skip If Minus 


FSNZ 


140511 


GEN 


FLPT 


RV 


— 


5 


Floating Skn.p If Not Equal 
to 


FSPL 


140513 


GEN 


FLPT 


RV 


- 


5 


Floating Skip If Plus 


FST 


04 01 


MR 


FLPT 


RV 


3 


5 


Floating Store 


F.S7,F, 


140510 


GRN 


FLPT 


RV 


- 


5 


Floating Skip If Equal to 


R HLT 


000000 


GEN 


MCIL 


SRV 


- 


- 


Ealt 


lAB 


000201 


GEN 


MOVE 


SRV 


- 


- 


Interchange A and B 


IGA 


141340 


GEN 


MOVE 


SRV 


- 


- 


Interchange Bytes of A 


IGL 


141140 


GEN 


MDVE 


SRV 


— 


— 


Interchange B5?tes and Clear 
Left 


ICR 


141240 


GEN 


MOVE 


SRV 


— 


— 


Interchange Bytes and dear 
Right 


TT.K 


141414 


GEN 


MOVE 


V 


- 


- 


Interchange L and E 


IMA 


13 


MR 


MOVE 


SRV 


- 


- 


Interchange Memory and A 


R INA 


54 


PIO 


10 


SR 


- 


- 


Input to A 


R INBC 


001217 


AP 


FRCKX 


V 


6 


5 


Interrupt Notify Beginning, 
dear Active Interrupt 


R INBN 


001215 


AP 


pw;kx 


V 


6 


5 


Interrupt Notify Beginning 
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Table C-1 (continued) 
S, R, V Mode Instruction SummeLry 



R Mnem Opcode Form Func M C CC 



Description 



R 


INEC 


001216 


AP 


m ;kx 


V 


R 


INEN 


001214 


AP 


vw.;h;x 


V 


R 


INH 


001001 


GEN 


10 


SRV 


R 


INHL 


001001 


GEN 


10 


SRV 


R 


INHM 


001000 


GEN 


10 


SRV 


R 


INHP 


001002 


GEN 


10 


SRV 




INK 


000043 


GEN 


KEYS 


SR 




INT 


140554 


GEN 


FLPT 


R 



INTA 

INTL 

IRS 
R IRTC 

R IRTN 
IRX 

R ITLB 
JDK 
JIX 
cJMP 
JST 
JSX 
JSXB 
JSY 
LCBQ 
LOGE 
LOGT 
liCLE 
LCLT 
LGNE 
IDA 
LDC 
LDC 1 
IDL 

p mm 

IZE 

LDY 

LQQ 

LF 

LFBQ 

IHsE 

LPGT 



140531 GEN FLPT 



140533 GEN FLPT 



12 MR 
000603 GEN 



000601 

140114 

000615 

15 02 

15 03 

01 

10 

35 03 

14 02 

14 

141503 

141504 

141505 

141501 

141500 

141502 

02 

001302 

001312 

02 03 

05 01 

35 00 

35 01 

140413 

140416 

141113 

14.1114. 



GEN 

GEN 

GEN 

MR 

MR 

MR 

MR 

MR 

MR 

MR 

GEN 

GEN 

GEN 

GEN 

GEN 

GEN 

MR 

CHAR 

CHAR 

MR 

MR 

MR 

MR 

GEN 

GEN 

GEN 

GEN 



10 

SKIP 

MCTL 

PCTLJ 

PCELJ 

PGTLJ 

PGIU 

PCIU 

PCTLJ 

PCTLJ 

LTSTS 

LTSTS 

LTSTS 

LTSTS 

LTSTS 

LTSTS 

MOVE 

CHAR 

CHAR 

MOVE 

MOVE 

MOVE 

MOVE 

LTSTS 

LTSTS 

LTSTS 

T.TRT.C! 



V 

SRV 

V 

R 

R 

SRV 

SRV 

RV 

V 

V 

V 

V 

V 

V 

V 

V 

SRV 

V 

V 

V 

V 

SRV 

V 

SRV 

SRV 

V 

V 



6 5 



6 5 



3 5 



3 5 



3 5 



SKIP SRV - 
10 V 7 



7 6 



6 5 



- 7 

- 7 

- 5 



4 

5 
4 
4. 



Interrupt Notify End, Cleax 
Active Interrupt 

Interrupt Notify End 

Inhibit Interrupts 

Inhibit Interrupts (Local) 

Inhibit Interrupts (Mutual) 

Inhibit Interrupts (Process) 

Input Keys 

Convert Floating Point to 
Integer 

Convert Floating Point to 
Integer 

Convert Floating Point to 
Integer Long 

Increment and Replace Memory 

Interrupt Rettim, Clear 
Active Interrupt 

Interrupt Return 

Increment and Replace X 

Invalidate STLB Entry 

Jump and Decrement X 

Jump and Increment X 

Jump 

Jump and Store 

Jump and Save in X 

Jump and Save in XB 

Jump and Save in Y 

Load A on Condition Code El} 
on Condition Code GE 
on Coiiiition Code GT 
on Condition Code LE 
on Condition Code LT 
on Condition Code NE 



Load 
Load 
Load 
Load 
Load 
Load 



A 
A 
A 
A 
A 
A 



141115 GEN LTSTS V 



Load Character 

Load Character 

Load Long 

Load from Add3?essed Register 

Load X 

Load Y 

Load A on A Equal to 

Load False 

Load A on F Equal to 

Load A on F Greater Than or 

Equal to 
Load A on F Greater Than 
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Table C-1 (cxDntinued) 
S, R, V Mode Instruction Suiranaxy 



R 


Mnem 


Opcode 


Form 


Func 


M 





OC 


! Description 




LFLE 


141111 


am 


LTSTS 


V 


- 


4 


Load A on F Less Than or 
Equal to 




LFLI 


CX)1303 


mj^ 


FIELD 


V 


- 


- 


Load FLR Iininediate 




LFLI 1 


001313 


BRAN 


FTRTiD 


V 


- 


- 


Load FLR 1 Immediate 




LKLT 


141110 


GKN 


LTSTS 


V 


- 


4 


Load A on F Less Than 




LFNE 


141112 


GEN 


LTSTS 


V 


- 


4 


Load A on F Not Equal to 




TrfR 


140414 


(4KN 


LTSTS 


SRV 


— 


4 


Load A on A Greater Than or 
EquaH. to 




IGT 


140415 


GEN 


LTSTS 


SRV 


- 


4 


Load A on A Greater Than 


R 


LIOT 


000044 


AP 


MCIL 


V 


6 


5 


Load lOTLB 




LT.K 


140411 


CKN 


LTSTS 


SRV 


-" 


4 


Load A on A Less Than or 
Eqna,l to 




T,T,RQ 


141513 


GEN 


LTSTS 


V 


- 


4 


Toad, Ti on A Equal to 




TTGE 


140414 


GEN 


LTSTS 


V 


— 


4 


Load L on A Greater Than or 
Equal to 




TiTfiT 


141515 


GEN 


LTSTS 


V 


- 


4 


Load L on A Greater Than 




T.T.T. 


041UXX 


SHFT 


SHIFT 


SRV 


4 


- 


Long Left Logical 




T.T,TiK 


141511 


GEN 


LTSTS 


V 


— 


4 


Load L on A Less Than or 
Equal to 




T,T.T,T 


140410 


(;kn 


LTSTS 


V 


- 


4 


Load L on A Less Than 




HUE 


141512 


GEN 


LTSTS 


V 


- 


4 


Load L on A Not Equal to 




TiTR 


0412XX 


SHFT 


SHJiT 


SRV 


4 


- 


Long Left Rotate 




T.T.S 


041 IXX 


SHFT 


SHIFT 


SRV 


3 


5 


Long Left Shift 




T.T,T 


140410 


GKN 


LTSTS 


SRV 


- 


4 


load A on A Less Than 




LNE 


140412 


GEN 


LTSTS 


SRV 


- 


4 


Load A on A Not Eqiia.l to 


R 


LPID 


000617 


GKN 


MCTL 


V 


- 


- 


Load Process ID 


R 


LPSW 


000711 


AP 


MCTL 


V 


7 


6 


Load Process Statias Word 




IKL 


0400XX 


SHFT 


SHIFT 


SRV 


4 


- 


Long Right Logical 




IRR 


0402XX 


SHFT 


SHIFT 


SRV 


4 


- 


Long Right Rotate 




UlS 


040 IXX 


SHFT 


SHIPr 


SRV 


4 


- 


Long Right Shift 




LT 


140417 


(4KN 


LTSTS 


SRV 


- 


5 


Load True 




MEL 


16 03 


MR 


INT 


V 


* 


- 


Multiply Long 




MFY 


16 


MR 


INT 


V 


3 


- 


Multiply 




MFY 


16 


MR 


INT 


SR 


3 


* 


Multiply 


R 


NFYB 


001211 


AP 


PW!KX 


V 


6 


5 


Notify 


R 


NFYE 


001210 


AP 


mvx 


V 


6 


5 


Noti:^ 




NOP 


000001 


GEN 


MCZL 


SRV 


- 


- 


No Operation 


R 


OCP 


14 


PIO 


10 


SR 


- 


- 


Output Control Pulse 




CRA 


03 02 


MR 


LOGIC 


V 


- 


- 


Inclusive CR 


R 


Oi'A 


74 


PIO 


10 


SR 


- 


- 


Output from A 




OIK. 


000405 


GKN 


KKYS 


SR 


7 


6 


Output Keys 




PfTT, 


10 02 


MR 


PCIU 


V 


6 


5 


Procedure Call 




PID 


000211 


GKN 


INT 


SR 


- 


- 


Position for Integer Divide 




PIDA 


000115 


GEN 


INT 


V 


- 


- 


Position for Integer T)ivide 




pinr, 


000305 


GEN 


INT 


V 


— 


~- 


Position for Integer DivitSe 
Long 




PIM 


000205 


GKN 


INT 


SR 


— 


— 


Position after Multiply 
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Table C-1 (continued) 
S, R, V Mode Instruotlon Summary 



R Mnem 


Opcode 


Form 


Func 


M 


C 


OC 


Description 


PIMA 


000015 


GEN 


INT 


V 


3 


5 


Position after Multiply 


PIML 


000301 


GKN 


INT 


V 


3 


5 


Position after Multiply long 


FRTN 


000611 


GEN 


pcnu 


V 


7 


6 


Prooedxire Return 


R Pi'lB 


000064 


GEN 


MCTL 


V 


6 


5 


Purge TLB 


QPAD 


5 2 2 


MR 


FLPT 


V 


3 


5 


Quad Precision Floating Add 


qpOA 


140570 


OKN 


FLPT 


V 


3 


5 


QiiFifl Precision Floating 
Coinplement 


i^'CS 


5 2 6 


MR 


FLPT 


V 


6 


5 


Quad Precision Floating 
Compare a,T>i Skip 


i^kW 


5 2 5 


MR 


FLiT 


V 


3 


5 


Quad Precision Fn.oating 
Divide 


(JiKLD 


5 2 


MR 


FLPT 


V 


— 


— 


Quad Precision Floating 
Load 


qFIX 


6 7 


MR 


FLPT 


V 


— 


— 


Quad Precision Floating 
Load Index 


t^l«'MP 


5 2 4 


MR 


FLiT 


V 


3 


5 


Qiwd Precision Floating 
Multiply 


QFSB 


5 2 3 


MR 


FLPT 


V 


3 


5 


Quad Precision Floating 
Subtract 


QFST 


5 2 1 


MR 


FLPT 


V 


— 


— 


Quad Precision Floating 
Store 


qjHQ 


140572 


GEN 


FLPr 


V 


3 


5 


Qiiad to Integer, in Quad 
Convert 


qiqR 


140573 


GKN 


FLPT 


V 


3 


5 


Quad, to Integer, in Quad 
Convert Rounded 


R,BQ 


141715 


AP 


QUEUE 


V 


~" 


7 


Remove Entry from Bottom of 
Queue 


RHB 


140200 


GEN 


KKYS 


SRV 


8 


- 


Reset CBIT to 


R RMC 


000021 


GEN 


IN'IGY 


SRV 


— 


— 


Reset Machine Check Flag 
to 


RRST 


000717 


AP 


MCJTL 


V 


- 


- 


Restore Registers 


RSAV 


000715 


AP 


MCTL 


V 


- 


- 


Rave Registers 


KHQ 


141714 


AP 


QUEUE 


V 


— 


7 


Remove Entry from Top of 
Queue 


R RTS 


000511 


GEN 


MCTL 


V 


- 


- 


Reset Tijne Slice 


SIA 


140110 


GEN 


INT 


SRV 


2 


1 


Subtract 1 from A 


R?A 


140310 


(4KN 


INT 


SRV 


2 


1 


Subtract 2 from A 


SAR 


10026X 


CSN 


SKIP 


SRV 


— 


— 


Strip on A Register Bit Reset 
to 


SAS 


10126X 


(;kn 


SKIP 


SRV 


— 


— 


Skip on A Register Bit Set 
to 1 


HHT, 


07 03 


MR 


INT 


V 


2 


1 


Subtract Long 


SCB 


140600 


GEN 


KEYS 


SRV 


5 


- 


Set CBIT to 1 


RGT, 


000005 


GEN 


INT 


SR 


- 


- 


Enter Single Precision Mode 


SGT 


100220 


GEN 


SKIP 


SRV 


- 


- 


Skip on A Greater Than 


f>K? 


100000 


GEN 


SKIP 


SRV 


- 


- 


Skip 


R RKS 


34 


PIO 


10 


SR 


- 


- 


Skip on Condition Satisfied 
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TSLble C-1 (continufid) 
S, R, V Mode Instruction Summary 



R Mnem 


Opcode 


Form 


Func 


M 


c 


OC Description 


.ST,K 


101220 


am 


SKIP 


SRV 


- 


- 


Skip on A Less Than or Equal 
to 


SLN 


101100 


GEN 


SEap 


SRV 


- 


- 


Skip on TfIR of A Nonzero 


RT7. 


100100 


GEN 


SKIP 


SRV 


- 


- 


Skip on I.SB of A Zero 


SMCR 


100200 


am 


IN'iGY 


SRV 


— 


— 


Skip on Machine Check Reset 
to 


SMC!S 


101200 


(;kn 


INIGY 


SRV 


- 


- 


Skip on Machine Check Set 

to 1 
Skip on A Minus 


SMI 


101400 


GEN 


SKIP 


SRV 


_ 


_ 


SNZ 


101040 


GEN 


SKIP 


SRV 


- 


- 


Skip on A Nonzero 


SPL 


100400 


GEN 


SKIP 


SRV 


- 


- 


Skip on A Plus 


SRC 


100001 


(>;r 


SKIP 


SRV 


- 


- 


Skip on OBIT Reset to 


SSC 


101001 


(;kn 


SKIP 


SRV 


- 


- 


Skip on CBIT Set to 1 


SSM 


140500 


GEN 


INT 


SRV 


- 


- 


Set Sign of A Minus 


SSP 


140100 


GEN 


INT 


SRV 


- 


- 


Set Sign of A Plus 


SSSN 


040310 


GEN 


MCIL 


V 


6 


5 


Store System Serial Number 


STA 


04 


MR 


MOVE 


SRV 


- 


- 


Store A into Memory 


STAC 


001200 


AP 


MOVE 


V 


- 


7 


Store A Coixiitionally 


STC 


001322 


CHAR 


CHAR 


V 


- 


7 


Store Character 


STC 1 


001332 


CHAR 


CHAR 


V 


- 


7 


Store Character 


STKX 


001315 


(;kn 


PCTIxT 


V 


6 


5 


Stack ExtRTvl 


STi-'A 


001320 


■ AP 


FIELD 


V 


- 


— 


Store FAR 


b-i'i'A 1 


001330 


AP 


FIRT,r) 


V 


— 


— 


Store FAR 1 


STL 


04 03 


MR 


MOVE 


V 


- 


- 


Store Tiong 


bl'UC 


001204 


AP 


MOVE 


V 


- 


7 


Store L Conditionally 


P STUl 


03 01 


MR 


MOVE 


V 


— 


5 


Store L into Addressed 
Register 


R STPM 


000024 


GEN 


MCIL 


V 


- 


- 


Store Processor Model Number 


bTiM 


000510 


GEN 


MCTL 


V 


6 


5 


Store Process Timer 


b-i'X 


15 


MR 


MOVE 


SRV 


- 


— 


Store X 


STY 


35 02 


MR 


MOVE 


V 


- 


— 


Store Y 


SUB 


07 


MR 


INT 


SRV 


2 


1 


SuMract 


SVC 


000505 


GEN 


PCTU 


SRV 


- 


- 


Supervisor Call 


S7,F. 


100040 


GEN 


fKTP 


SRV 


- 


- 


Skip on A Zero 


TAB 


140314 


GEN 


MOVE 


V 


- 


- 


Transfer A to B 


TAK 


001015 


GEN 


KEYS 


V 


7 


6 


Transfer A to Kpys 


TAX 


140504 


GEN 


MOVE 


V 


- 


- 


Transfer A to X 


TAY 


140505 


(4KN 


MOVE 


V 


- 


- 


Transfer A to Y 


TBA 


140604 


GKN 


MOVE 


V 


- 


- 


Transfer B to A 


'IXlk 


140407 


GEN 


INT 


SRV 


2 


1 


TWO'S Complement A 


'iUL 


141210 


GRN 


INT 


V 


2 


1 


TWO'S Complement Long 


Tl''iL 


001323 


GKN 


FIKIT) 


V 


- 


- 


Tra.Tisfer FIR to L 


WLL I 


001333 


GEN 


FTETD 


V 


- 


— 


Transfer FIJI 1 to L 


TKA 


001005 


GEN 


KhYS 


V 


- 


- 


Transfer KejTS to A 


TLFL 


001321 


GEN 


KIKI,n 


V 


- 


- 


Transfer L to FlU 


TLFL 1 


001331 


(4KN 


FTKTiD 


V 


- 


— 


Transfer L to FIR 1 


TST15 


141757 


AP 


QUEUE 


V 


- 


7 


Test Queue 
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V Mode Instrucrtion Summary 



R Moem 


Opcode 


Form 


Fimc 


M 


C 


OC 


Description 


TXA 


141034 


OKN 


MOVE 


V 


_ 


— 


Transfer X to A 


TYA 


1411S4 


GKN 


MOVE 


V 


- 


- 


Transfer Y to A 


R WAIT 


000315 


AP 


PKtJlKX 


V 


- 


- 


Wait 


XAD 


001100 


llhCI 


DhCI 


V 


3 


1 


DeciJtial Add 


XtfiU 


001145 


llhCI 


DhiCI 


V 


3 


5 


Binary to Decimal Conversion 


XCA 


140104 


GEN 


MOVE 


SRV 


- 


- 


Exchange and Clear A 


XCR 


140204 


GEN 


hSOVE 


SRV 


- 


- 


Exchange and. Clear B 


XtJM 


001102 


nECI 


HHICT 


V 


- 


1 


Decimal Compare 


XUi'b 


001146 


TTFXIE 


llHXJi 


V 


3 


5 


Decimal to Binary Conversion 


XDV 


001107 


TTRCI 


TTRCI 


V 


3 


5 


Decimal Divide 


XBC 


01 02 


m 


PCi'LJ 


RV 


- 


- 


Kxificute 


XKI) 


001112 


nwni 


TTFXIL 


V 


- 


- 


Numeric Edit 


XMP 


001104 


TTROT 


DHJCI 


V 


3 


1 


Decimal Mviltiply 


XMV 


001101 


IIMJI 


IIHICI 


V 


3 


1 


Decimal Move 


ZCM 


001117 


CHAR 


CHAR 


V 


6 


7 


Compare Character Field 


7,Wt 


001111 


CHAR 


CHAR 


V 


- 


- 


Character Field Edit 


ZKIL 


001116 


CHAR 


CHAR 


V 


6 


5 


Fill Field With Character 


ZMV 


001114 


CHAR 


CHAR 


V 


6 


5 


Move Character Field 


ZM7D 


001115 


CHAR 


CHAR 


V 


6 


5 


Move Characters Between 
Equal Length Strings 


Z'i«N 


001110 


CHAR 


CHAR 


V 


— 


— 


Character String Translate 
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I Mode Instruction 


Summary 


R Mnem 


Opcode 


RI Form 


Func 


C 


00 Dascription 


A 


02 


RI MRGR 


INT 


2 


1 


Add F\]TTword 


ABQ 


134 


AP 


QUEUE 


- 


7 


Add Entry to Bottom of Quetie 


ACP 


55 


RI (» 


CFTR 


- 


- 


Add, C Pointer 


ATIR 


014 


RGRN 


INT 


2 


1 


Add LINK to R 


AH 


12 


RI MRGR 


INT 


2 


1 


Add Halfwoid 


AIP 


75 


west 


(Ml 


2 


1 


Add Indirect Pointer 


ARFA 


161 


RTM 


FTKT,D 


- 


- 


Add R to FAR 


ARFA 1 


171 


RGRN 


FTKTD 


- 


— 


Add R to FAR 1 


ARGT 


000605 


GM 


PCELJ 


6 


5 


Argument Transfer 


A1Q 


135 


AP 


gUKUE 


- 


7 


Add Entry to Top of Que\ie 


BCEQ 


141602 


BRAN 


BRAN 


- 


- 


Branch, on Condition Code BQ 


HXffl 


141605 


BRAN 


BRAN 


- 


- 


Brancti on Condition Code GE 


BUGfi' 


141601 


BRAN 


BRAN 


- 


- 


Branch on Condition Code GT 


HTiK 


141600 


BRAN 


BRAN 


- 


- 


Branch, on Coalition Code IE 


BCLT 


141604 


BRAN 


BRAN 


- 


- 


Branch, on Condition Code LT 


BTHE 


141603 


BRAN 


BRAN 


- 


- 


Branch, on Condition Code NE 


BGR 


141705 


BRAN 


BRAN 


- 


- 


Branch on CBIT Reset to 


BCS 


141704 


BRAN 


BRAN 


- 


- 


Branch on CBIT Set to 1 


Bb'iS^ 


122 


IBRN 


BRAN 


- 


4 


Branch on F Eqiia,! to 


HbtlE 


125 


iBRN 


BRAN 


— 


4 


Branch on F Greater Tha,n or 
Equal to 


HbXiL' 


121 


IBRN 


BRAN 


- 


4 


Branch on F Greater Tha.n 


EFI£ 


120 


IBRN 


BRAN 


— 


4 


Branch on F Less Tha.n or 
Eqiia.! to 


BFLT 


124 


IBRN 


BRAN 


- 


4 


Branch on F Less Than 


BFNE 


123 


IBRN 


BRAN 


- 


4 


Branch on F Not Equal to 


BHDl 


144 


iBRN 


BRAN 


- 


- 


Branch on r Decremented ty 1 


BHDS 


145 


TRRN 


BRAN 


- 


- 


Branch on r Decremented ty 2 


HHDi 


146 


iBRA 


BRAN 


- 


- 


Branch on r Decremented ty 4 


HHEQ 


112 


IBRN 


BRAN 


- 


4 


Branch on r Equal to 


BHGE 


115 


IBRN 


BRAN 


— 


4 


Branch on r Greater Than or 
Equal, to 


BHUr 


111 


IKRN 


BRAN 


- 


4 


Branch on r Greater Than 


BHIl 


140 


IBRN 


BRAN 


- 


- 


Branch on r Incremented by 1 


BHI2 


141 


IBRN 


BRAN 


- 


- 


Branch on r Incremented iy 2 


BHI4 


142 


iBRN 


BRAN 


- 


- 


Branch on r Incremented iy 4 


BHT,R 


110 


iBRN 


BRAN 


— 


4 


Branch on r Less Than or 
Eqiia,! to 


BHLT 


114 


iBRN 


BRAN 


- 


4 


Branch on r Less Than 


EHNE 


113 


iBRN 


BRAN 


- 


4 


Branch on r Not Equa.l to 


BLR 


141W? 


BRAN 


BRAN 


- 


- 


Branch on T,TNK Reset to 


RT.S 


141706 


BRAN 


BRAN 


- 


- 


Branch on T.TNK Set to 1 


EMBQ 


141602 


BRAN 


BRAN 


- 


- 


Branch on Magnitude Condition 

Branch on Magnitude Condition 
GE 


BMHE 


141706 


BRAN 


BRAN 


- 


- 
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Table C-2 (cxDntinued) 
I Mode Instruction Summary 



R Mnftra 


Opcode RI 


Form 


Func 


C 


OC 


Description 


BMSI 


141710 


BRAN 


BRAN 


- 


- 


BranGh on Ma^tiide Condition 

GT 
Branch on Magnitude Condition 

LE 
BreuiGti on Magnit-ude Condition 

LT 
Bremch. on Magnitude Condition 

NE 
Branch on Register Bit Reset 


BMLE 


141711 


BRAN 


BRAN 


- 


- 


EMLT 


141707 


BRAN 


BRAN 


- 


- 


EMNE 


141603 


BRAN 


BRAN 


- 


- 


BRBR 


040-0^? 


IBKR 


BRAN 


— 


— 














to 


BRBS 


000-037 


IHHN 


BRAN 


- 


- 


Brancih on Register Bit Set 

to 1 
Branch on R Decremented by 1 


BRDl 


134 


IBRN 


BRAN 


_ 


_ 


BR,TTP, 


135 


iBHN 


BRAN 


- 


- 


Branch on R Decremented ty 1 


BRD4 


136 


IBRN 


BRAN 


- 


- 


Branch on R Decremented iy 4 


ERhiQ 


102 


TBRN 


BRAN 


- 


4 


Branch on R Equal to 


BRGR 


105 


TRFiN 


BRAN 


— 


4 


Branch on R Greater Than or 
Equal to 


BROr 


101 


IBRN 


BRAN 


- 


4 


Branch on R Greater Than 


BRIl 


130 


IBRN 


BRAN 


— 


- 


Brancih on R Incremented ty 1 


BRI2 


131 


IBRN 


BRAN 


- 


- 


Branch on R Incremented ty 2 


BRI4 


132 


TRRN 


BRAN 


- 


- 


Branch on R Incremented iy 4 


BRLE 


100 


IBRN 


BRAN 


— 


4 


Branch cm R Less Than or 
Equal to 


BRLT 


104 


TBRN 


BRAN 


- 


4 


Branch on R Less Than 


mm 


103 


TBRN 


BRAN 


- 


4 


Branch on R Not Equal to 


c 


61 RI 


MROl 


INT 


1 


1 


Contpare Fullword 


CALF 


000705 


AP 


PC'l'LJ 


6 


5 


Call Fault Handler 


OCP 


45 R 


GR 


CPTR 


- 


1 


Compare C Pointer 


(JU?i' 


026 


RGFN 


BRAN 


6 


5 


Computed GOTO 


Of 


71 RI 


WCR 


INT 


1 


1 


Compare Halfword 


CHS 


040 


ROirj 


INT 


- 


- 


Change Sign 


CMH 


045 


Biim 


LOGIC 


- 


- 


Complement r 


CMR 


044 


Pi4KN 


LOGIC 


- 


- 


Complement R 


CR 


056 


RTtKN 


a,F.AR 


- 


- 


Clear R to 


CRKTi 


062 


R(4KN 


OTiFAR 


- 


- 


Clear R High Byte 1 Right 


GRBR 


063 


RGRN 


CT.FAR 


- 


- 


Clear R High Byte 2 Right 


GRHL 


054 


RTTKN 


CTFAR 


- 


- 


Clear R Left Halfword 


asm 


055 


W4KM 


CLEAR 


- 


- 


dear R Right Halfword 


CSR 


041 


RTtKN 


MOVE 


5 


- 


Copy Sign of R 


D 


62 RI 


MROl 


INT 


3 


5 


Divide Fullword 


TTRT-K 


106 


RTtKN 


FLPT 


— 


— 


Convert Single to DoulxLe 
Precision Floating 


DCP 


160 


wm 


OPi'R 


- 


- 


Decrement C Pointer 


Dt'A 


15,17 RI 


MRFR 


FLPT 


3 


5 


Double Precision Floating Add 


Ul^'C 


05.07 RI 


MRFR 


FLPT 




1 


Double Precision Floating 
Compare 
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Table C-2 (continued) 
I Mode Instruction Summary 



R Mnem 


Opcode 


RI 


Form 


Func 


C 


OC Description 


DPCM 


144 




aiKf^ 


FLPT 


3 


5 


Double Precision Floating 
Canplement 


DFD 


31,33 


RI 


MRFR 


FLPT 


3 


5 


Double Precision Floating 
Divide 


Dt'L 


01,03 


RI 


MRFR 


FLPT 


— 


— 


Double Precision Floating 
Load 


DFM 


25,27 


RI 


MRFR 


FLPT 


3 


5 


DouM-e Precision Floating 
Multiply 


EFS 


21.23 


RI 


MRFR 


FLPT 


3 


5 


Double Precision Floating 
Subtract 


DFST 


11,13 




MRFR 


FLPT 


— 


— 


Double Precision Floating 
Store 


m 


72 


RI 


MRGR 


INT 


3 


5 


Divide Halfword 


mi 


130 




p(;km 


INT 


2 


1 


Decrement r ty 1 


TM2 


131 




RGKN 


INT 


2 


1 


Decrement r iy 2 


m. 


60 




mm 


INT 


- 


1 


Decrement Memory Full word 


EMH 


VO 




mm 


INT 


- 


1 


Decrement Memory Ka,Tfword 


ERl 


124 




Biim 


INT 


2 


1 


Decrement R ty 1 


mz 


125 




mim 


INT 


2 


1 


Decrement R iy 2 


EKN 


040300 




GEN 


FLPT 


3 


5 


Double Round From Quad 


ERNM 


140571 




GSS 


FLPT 


8 


5 


Double Round From Quad 
Towards Negative Infinity 


ERNP 


040301 




(;kn 


FLPT 


3 


5 


Double Round From Quad 
Towards Positive Infinity 


ERNZ 


040302 




iim 


FLPT 


3 


5 


Double Ro\ml From Qnari 
Towards Zero 


E16S 


000011 




GEN 


AEMT) 


- 


- 


Enter 16S Mode 


E32I 


001010 




GEN 


AEMTD 


- 


- 


Enter 321 Mode 


k;«5R 


001013 




GEN 


AEMCD 


- 


— 


Enter 32R Mode 


E32S 


000013 




(ffTN 


AEwnn 


- 


— 


Enter 32S Mode 


E64R 


001011 




GEN 


AEWQD 


- 


- 


Enter 64R Mode 


B64V 


000010 




GEN 


Acwfin 


- 


- 


Enter 64V Mode 


EAFA 


001300 




AP 


FIELD 


- 


- 


Effective Address to FAR 


EAFA 1 


001310 




AP 


FIKI,D 


- 


- 


Effective Address to FAR 1 


EALB 


42 




MRNR 


PCILJ 


- 


- 


Effective Address to LB 


EAR 


63 




MROl 


PCELJ 


- 


- 


Effective Address to R 


EAXB 


52 




MRNR 


PCTUr 


- 


- 


Effective heiress to XB 


R EIO 


34 




WCR 


10 


- 


7 


Execute I/O 


R ENB 


000401 




GEN 


10 


- 


- 


Enable Interrupts 


R ENW. 


000401 




GEN 


10 


- 


- 


Enable Interrupts (Local) 


R ENBM 


000400 




am 


10 


- 


- 


Enable Interrupts (Mutual) 


R ENBP 


000402 




GEN 


10 


- 


- 


Enable Interrupts (Process) 


FA 


014,16 


RI 


MRFR 


FLPT 


3 


5 


Floating Add 


FC 


04,06 


RI 


MRFR 


FLPT 


- 


1 


Floating Compare 


F(TX5 


140571 




GKN 


FLPT 


" 


"■" 


Floating Convert Double to 
Qtiari 


VOA 


100 




RTtKN 


FLiT 


3 


5 


Floating Complement 
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Table C-2 (contlntied) 
I Mode Instruction Suinmary 



R 


Mnem 


Opcode 


RI 


Form 


Func 


C 


00 


Description 




FD 


30,32 


RI 


MRFR 


FLPT 


3 


5 


Floating Divide 




FL 


00,02 


RI 


MRFR 


FLPi' 


- 


- 


Floating load 




FLT 


105,11 




R(4KrJ 


FLPT 


6 


5 


Convert Integer to Floating 
Point 




FLTH 


102.11 




RGKN 


FLPT 


6 


5 


Convert HaLfword Integer to 
Floating Point 




FM 


24,26 


RI 


MRFR 


FLPT 


3 


5 


Floating Multiply 




FRN 


107 




w;kn 


FLPT 


3 


5 


Floating Round 




FRNM 


146 




r(;kn 


FLPT 


3 


5 


Floating RouM Towards 
Negative Infinity 




FRNP 


145 




RGEN 


FLPi' 


3 


5 


Floating RoiiTxi Tov?ards 
Positive Infinity 




FRNZ 


147 




ROM 


FLPT 


3 


5 


Floating Ronnri Towards Zero 




FS 


20,22 


RI 


MRFR 


FLFi' 


3 


5 


Floating Sutftract 




FST 


10,12 




MRFR 


FLFT 


3 


5 


Floating Store 


R 


HLT 


000000 




Gm 


MCEL 


- 


- 


Halt 




I 


41 


R 


MRQl 


MOVE 


— 


— 


Interchange R and Memory 
FjiTlword 




lORJ. 


065 




R(4™ 


MOVE 


- 


- 


Interchange Eytes and Clear 
Left 




ICHR 


066 




PffFH^ 


MOVE 


— 


— 


Interchange Bytes and Clear 
Right 




ICHL 


060 




RTtRN 


M3VE 


•* 


^ 


Interchange Halfwords and 
Clear Left 




ICHR 


061 




RGRN 


M3VE 


— 


— 


Interchange Halfwords and 
dear Right 




ICP 


167 




wim 


CPTR 


- 


- 


Increment C Pointer 




IH 


51 


R 


MRC31 


MOVE 


— 


— 


Interchange r and and Memory 
Halfword 




IHl 


126 




RGEN 


INT 


2 


1 


Increment r iy 1 




IH2 


127 




RTtKN 


INT 


2 


1 


Increment r ty 2 




IM 


40 




MRNR 


INT 


- 


1 


Increment Memory Fullword 




TMH 


50 




MRNR 


INT 


- 


1 


Increment Memory Halfword 


R 


INBO 


001217 




AP 


PHiClKX 


6 


5 


Interrupt Notify Beginning, 
Clear Active Interrupt 


R 


INBN 


001215 




AP 


pw:kx 


6 


5 


Interrupt Notify Beginning 


R 


INBC 


001216 




AP 


PRCKX 


6 


5 


Interrupt Notify End, Clear 
Active Interi-upt 


R 


INEN 


001214 




AP 


PRCKJi 


6 


5 


Interrupt Notify End 


R 


INH 


001001 




GM 


10 


- 


- 


Inhibit Interrupts 


R 


INHL 


001001 




(;kh 


10 


- 


- 


Inhibit Interrupts (Local) 


R 


INHM 


001000 




am 


10 


- 


- 


Inhibit Interrupts (Mutual) 


R 


INHP 


001002 




GKN 


10 


- 


- 


Inhibit Interrupts (Process) 




INK 


070 




K(4KM 


KEYS 


- 


- 


Input Keys 




INT 


103,11 




RGRN 


FLPT 


3 


5 


Convert Floating Point to 
Integer 
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Table C-2 (ciontinued) 
I Mode Instruction Summary 



R Mnem 


Opcode RI Form 


Funo 


C 


OC Description 


INTH 


101,11 


RGRN 


FLPT 


3 


5 


Convert Floating Point to 
Halfword Integer 


IRl 


122 


RGRN 


INT 


2 


1 


Increment R ty 1 


IRS 


123 


RffFN 


INT 


2 


1 


Inarement R iy 2 


IRB 


064 


RGRM 


MOVE 


- 


- 


Intemha.nge r Bytes 


IRH 


057 


R(4KN 


MOVE 


- 


- 


Interchange R Halves 


R IK'iCt 


000603 


GES 


10 


7 


6 


Interrupt Retvim, Clear 
Active Interrupt 


R IRTN 


000601 


GSN 


10 


7 


6 


Interrupt Return 


R iTLB 


000615 


um 


MCTL 


6 


5 


Invalidate STLB Entry 


JMP 


51 


mm 


PCIU 


- 


- 


Jump 


JSR 


73 


MRGR 


PCTLJ 


- 


- 


Jump to Subroutine 


JSXB 


61 


MRNR 


PCILJ 


- 


- 


Jump and Save In XB 


L 


01 RI MBGR 


MOVE 


- 


- 


Load 


LOG 


45 


MRCS 


CPi'R 


- 


7 


Load C Charaoter 


m»n} 


153 


RGRN 


LTSTS 


- 


- 


Load r on Condition Code H)(;> 


iu;k 


154 


RGEN 


LTSTS 


- 


- 


Load r on Condition Code GE 


msi' 


155 


RffRN 


LTSTS 


- 


- 


Load r on Condition Ctode GT 


TCJF, 


151 


RfTRN 


LTSTS 


- 


- 


Load r on Condition Code LE 


LCLT 


150 


RGRN 


LTSTS 


- 


- 


Load r on Condition Code LT 


LGNE 


152 


r<;kn 


LTSTS 


- 


- 


Load r on Condition Code NE 


P T.nAR 


44 


MROl 


MOVE 


- 


5 


Load from Addressed Register 


LLXJ 


162 


RORN 


GEAR 


- 


7 


Load Character 


LDC 1 


172 


RGRN 


CHAR 


- 


7 


Load Character 


IFHj 


003 


Rr?Kn 


LTSTS 


- 


4 


Load r on R Equal to 


LF 


016 


r<;kn 


LTSTS 


- 


5 


Load False 


LFBQ 


023.03 


Rfn^N 


LTSTS 


- 


4 


Load r on F Equal to 


LPGE 


024,03 


RGRfT 


LTSTS 


— 


4 


Load r on F Greater Than or 
Equal to 


LFX3T 


025,03 


RGEN 


LTSTS 


- 


4 


Load r on F Greater Than 


LFT.R 


021,03 


r(;kn 


LTtfi-S 


— 


4 


Load r on F Less Than or 
Fqijal to 


LFLI 


001303 


BRAN 


FTKT.n 


- 


- 


Load FUR Immediate 


JJFLL 1 


001313 


BRAN 


FTKrn 


- 


- 


Load FUl 1 Immediate 


LFTjT 


020,03 


RGRN 


LTSTS 


- 


4 


Load r on F Less Than 


LFNE 


022,03 


RGRN 


LTb-i-S 


- 


4 


Load r on F Not Equal to 


IGR 


004 


RGRN 


LTSTS 


— 


4 


Load r on R Greater Than or 
Equal to 


UG!T 


005 


RGRN 


LTSTS 


- 


4 


Load r on R Greater Than 


m 


11 RI MRGR 


MOVE 


- 


- 


Load Halfword 


LHBQ 


013 


r<;kn 


LTSTS 


- 


4 


Load r on r Equal to 


LHliK 


004 


RGKN 


LTSTS 


— 


4 


Load r on r Greater Than or 

Equal to 


LHGT 


015 


W4KN[ 


LTSTS 


- 


4 


Load r on r Greater Tha,n 


LHLl 


04 R 


MRCS 


MOVE 






Load Halfword Shifted Left 
ty 1 
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Table C-2 (continued) 
I Mode Instruction Summary 



R Mnem 


Opcode 


RI 


Form 


Func 


c 


CO 


Description 


LHT?, 


14 


R 


MROR 


MOVE 


- 


- 


Load Ha,lfword Shifted Left 
by 2 


imz 


35 


R 


m€R 


tDVE 


— 


— 


Load Ha,l fword Shifted Left 
by 3 


LHLE 


Oil 




MIKN 


LTSTS 


— 


4 


Load r on r Less Than or 
Eqna.l to 


LHLT 


000 




RGRfT 


LTSTS 


- 


4 


Load r on r Less Than 


LHNE 


012 




RGRN 


LTbTS 


- 


4 


Load r on r Not Equal to 


R KEOT 


000044 




AP 


MCTL 


6 


5 


Load lOTLB 


LIP 


65 




MRCai 


GRR 


- 


- 


Load Inciirect Pointer 


T.T.R 


001 




RfTKN 


LTbTS 


— 


4 


Load r on R Less Than or 
Equal to 


T.T,T 


000 




pnRN 


LTSTS 


- 


4 


Load r on R Less Than 


LNE 


002 




RGRN 


LTSTS 


- 


4 


Load r on R Not Equal to 


R LPID 


000617 




(;kn 


MCTL 


- 


- 


Load Process ID 


R LPSW 


000711 




AP 


MCTL 


7 


6 


Load Process Status Word 


LT 


017 




RGKN 


LTSTS 


- 


5 


Load True 


M 


42 


RI 


HRQl 


INT 


* 


- 


Multiply Fullword 


MH 


52 


RI 


IMS. 


INT 


3 


5 


Multiply Halfword 


N 


03 


RI 


WCR 


LOGIC 


- 


- 


AND Fnllword 


R NFYB 


001211 




AP 


PRCKX 


6 


5 


Notify 


R NFYE 


001210 




AP 


PRnFX 


6 


5 


Notify 


m. 


13 


RI 


mCR 


LOGIC 


- 


- 


AND Halfword 


NOP 


000001 




GEN 


MOEL 


- 


- 


No Operation 





23 


RI 


mcR 


LOGIC 


- 


- 


CR Fullword 


CH 


33 


RI 


mCR 


LOGIC 


- 


- 


CR Ka,Tfword 


om. 


071 




wim 


KEYS 


7 


6 


Output Kpsys 


PCL 


41 




MRNR 


PCi'LJ 


6 


5 


Procedure Ca.Tl 


FID 


052 




PGRN 


INT 


- 


- 


Position for Integer Divide 


pmH 


053 




r(;kn 


INT 


— 


— 


Position r for Integer 
Divide 


PIM 


050 




PTtKN 


INT 


3 


5 


Position after Multiply 


PIMH 


051 




mm 


INT 


3 


5 


Position r after Multiply 


PRTN 


000611 




ORN 


PCTLJ 


7 


6 


Procedure Return 


R PITiB 


000064 




GEN 


ML'i'L 


6 


5 


Purge TLB 


QFAD 


36 




MRFR 


FU*i' 


3 


5 


Qiiad Precision Floating Add 


QPC 


47 


RI 


MRFR 


FLPT 


— 


7 


Quad Precision Floating 
Compare 


QPCM 


140570 




GEN 


FLPT 


3 


5 


Quad Precision Floating 
Complement 


QFUV 


46 




MRFR 


FLPT 


3 


5 


Quad Precision Floating 
Divide 


QFLD 


34 




MRFR 


FLPT 


- 


- 


Qiiari Precision Floating Load 


<^FMP 


45 




MRFR 


FLPi' 


3 


5 


Quad Precision Floating 
Multiply 


QFSB 


37 




MRFR 


FLPT 


3 


5 


Quad Precision Floating 
Subtract 
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TgLble C-2 (continiied) 
I Mode Instruction Smmnary 



R MTifiin 


Opcode 


RI Form 


Func 


C 


CC Description 


QFST 


35 


MRFR 


FLPT 


- 


- 


Quad Precision Floating Store 


QINQ 


140572 


GKN 


FLPT 


3 


5 


Quad to Integer, in Quad 
Convert 


QiqR 


140573 


GRN 


ELFT 


3 


5 


Quad to Integer, in Quad 
Convert Rouiried 


RBQ 


133 


AP 


QUEUE 


~ 


7 


Remove Entry from Bottom 
of Queue 


RHR 


140200 


GEN 


KEYS 


8 


- 


Reset CBIT to 


R RMC 


000021 


GRN 


IN'iUY 


- 


- 


Reset Machine Check Flag to 


ROT 


24 


MRC31 


SEEPT 


4 


- 


Rotate 


RRST 


000717 


AP 


MCEL 


- 


- 


Restore Registers 


RSAV 


000715 


AP 


MCTL 


- 


- 


Save Registers 


RT(5 


132 


RTtM 


QUEUE 


^ 


7 


Remove Entry from Top of 
Queue 


R RTS 


000511 


(;km 


MCTL 


- 


- 


Reset TiJte Slice 


S 


22 


RI IfSCR 


INT 


2 


1 


Subtract Fiillword 


SCB 


140600 


ORN 


KEYS 


5 


- 


Set CBIT to 1 


SOC 


55 


MROl 


CPTR 


- 


- 


Store C Character 


SH 


32 


RI MRC31 


INT 


2 


1 


Subtract HalfWord 


SHA 


15 


MROl 


tiRii-T 


4 


- 


Shift Arithmetic 


SHL 


05 


MRGR 


SHira 


4 


- 


Shift Logical 


SHLl 


076 


RGRN 


SHii-T 


4 


- 


Shift R Left 1 


SHLS 


077 


RffKN 


SHIFT 


4 


- 


Shift R Left 2 


SHRl 


120 


RTtKN 


iitiii-T 


4 


- 


Shift R Right 1 


SHR2 


121 


R<4KI^ 


SHli-T 


4 


- 


Shift R Right 2 


SLl 


072 


w;kw 


tiHiJ?T 


4 


- 


Shift R Left 1 


STP, 


073 


RGKN 


SHIi-T 


4 


— 


Shift R Left 2 


SRI 


074 


RGEN 


SHIFT 


4 


- 


Shift R Right 1 


SR2 


075 


m;km 


SHIFT 


4 


- 


Shift R Right 2 


SSM 


042 


RChN 


INT 


- 


- 


Set Sign Minus 


SSP 


043 


RGEN 


INT 


- 


- 


Set Sign Plus 


SSSN 


040310 


GEN 


MCTL 


6 


5 


Store System Serial NiimbftT' 


ST 


21 


MRC31 


MOVE 


- 


- 


Store Fullword 


P STAR 


54 


MRGR 


MOVE 


- 


5 


Store into Addressed Register 


STC 


166 


RTtKN 


CHAR 


- 


7 


Store Character 


STC 1 


176 


RffRN 


CHAR 


- 


7 


Store Gharacter 


b'iXJD 


137 


AP 


MOVE 


- 


7 


Store Conditional FullwoKi 


b"iUI 


136 


AP 


MOVE 


- 


7 


Store Coniitional Halfwoid 


S'l'KX 


027 


RGKN 


PCTLJ 


6 


5 


Stacfc Extend 


b"i'l''A 


001320 


AP 


FTKTiT) 


- 


— 


Store FAR 


STl-'A 1 


001330 


AP 


FTKTD 


— 


— 


Store FAR 1 


STH 


31 


MRC31 


MOVE 


- 


- 


Store Halfword 


R STFM 


000024 


GEN 


MCTL 


- 


- 


Store Processor Model Number 


yiTM 


000510 


(;kw 


MLTL 


6 


5 


Store Process Timer 


SVC 


000505 


(IKfT 


PCTLJ 


- 


- 


Supervisor Ca,n 


'it! 


046 


RTtKN 


INT 


3 


1 


Two's Complement R 


TCH 


047 


RTtKN 


INT 


3 


1 


Two's Complement r 
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Table C-2 (continued) 
I Mcde Instruction Smnmaxy 



R Mnfttn 


Opcode RI 


Form 


Func 


C 


OC 


Description 


TCNP 


76 R 


MRNR 


CWR 


_ 


1 


Test C Nini Pointer 


Ti''JLR 


163 


RTTKN 


FIELD 


- 


- 


Transfer FIH to R 


'iVLR 1 


173 


RGEN 


FIETiD 


- 


- 


Transfer Flil 1 to R 


TM 


44 


MRNR 


MCTL 


- 


1 


Test Memory Fiillword 


■IMH 


54 


mm 


INT 


- 


1 


Test Memory Halfword 


TRFL 


165 


Biim 


FIKT.n 


- 


- 


Transfer R to FLR 


TRFl. 1 


175 


R\m 


FIELD 


- 


- 


Transfer R to FLR 1 


TST(5 


104 


w;kn 


QUEUE 


- 


7 


Test Queue 


R WAIT 


000315 


AP 


m :kx. 


- 


- 


Wait 


X 


43 RI 


MRffi 


LOGIC 


- 


- 


Exclusive CR Full word 


XAD 


001100 


UKCI 


DECI 


3 


1 


Decimal Add 


Xt?i'U 


001145 


IMJi 


DHXIE 


3 


5 


Binary to Decima,! Conversion 


XUA 


001102 


IIMCI 


DECI 


- 


1 


Decimal Compare 


XITTB 


001146 


TTRCI 


DBCI 


3 


5 


Decimal to Binaiy Conversion 


XDV 


001107 


TIH)CI 


llHJUi 


3 


5 


Decimal Divide 


XED 


001112 


JUHCI 


DECI 


- 


- 


Numeric Edit 


XH 


53 RI 


MRC3^ 


LOGIC 


- 


- 


Exclusive OR Halfword 


XMP 


001104 


DBCI 


llhiCi 


3 


1 


Decimal Multiply 


3{MV 


001101 


DEGI 


IlKCI 


3 


1 


Decimal Move 


ZGM 


001117 


CHAR 


CHAR 


6 


7 


Compare Cha.racter Field 


'/Kl ) 


001111 


CHAR 


CHAR 


- 


- 


Character Field Edit 


ZFTT, 


001116 


CHAR 


CHAR 


6 


5 


Fill Field With Cha,rafrter 


m 


43 


mm 


or, FAR 


- 


- 


Clear FnTTword 


ZMH 


53 


mm 


CLEAR 


- 


- 


Clear Halfword 


ZMV 


001114 


CHAR 


CHAR 


6 


5 


Move CtiaiTax3ter Field 


ZMVD 


001115 


CHAR 


CHAR 


6 


5 


Move Characters Between Equal 
Length Strings 


ZTKN 


001110 


CHAR 


CHAR 


— 


— 


Ghaxacter String Translate 
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Hardware 

Consideration in 

Performance 



Several hardwaxe considera,tions have bearing on performanoe. First 
some Instructions execute faster than others. To identify these, this 
document lists the relative instruction weights for V and I 'modes 
Special note is made of preferred load/store, arithmetic, and bulk data 
move instructions for optimum execution times. Second, the type of 
address formation also affects execution times. To identify these 
this appendix shows the relative weights of different address 
formations; the performance penalties for unaligned data, cache miss, 
STLB miss, and address traps are also shown. Recommendations are given 
for how to use all of this information when coding in PMA or a high 
level language. 

Perforaianoe of emitted code or assembler coding of identified 
tiine-crucial routines requires some knowledge of instruction execution 
tijnes. Prijne has never given these out before for many reasons: 

Prijone's 50 Series Processors are an entire line of machines that 
have differing performances. 

The execution time of an instruction is based on many events 
such as addressing mode and data alignment, making this a 
complex issue. 

Contractual guarantees based on published times are certain to 
be wrong becatise of the previous point. 

There is a bad correlation of instruction tijres to MIPs in fact, 
but not in the minds of the press. Hence we would mislead by 
giving specific times. 
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Having said that, nevertheless, tuners must tune. The follovdjig tables 
represent relative "best case" weights for the "perfect" 50 Series 
machine. No actioal machine has exactly this balanoe, bat the 6350 and 
9955 II come close. 



INgTRUCTION VffilGHTS 

To use these tables, locate the desired mnemonic and note its weight in 
units. The following abbreviations are used. 

A — Equal to if there axe no PGL arguments. Equal to 8+6*n where 
n is the number of arguments. 

D — The number of destination digits. 

N ~ In shift instructions, the nuiiiber of shifts to perform. In 
decimal and character instructions, the number of digits or 
chaxacters involved. 

S — The number of source digits. 

# — The number of non-zero destination digits. 
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TELble D-1 
V Mode Instraction Weights 




Uiiits I Mnem 



B64V 

EAFA 

EAL 

EALB 

EAXB 

EIO 

EMGM 

ENB 

EEIA 

ERL 

ESIM 

EVIM 

FAD 

PCM 

PCS 

PDHL 

EDV 

PLD 

FLTA 

FLTL 

FLX 

PMP 

FRN 

PRNM 

FRNP 

FRNZ 

FSB 

FSGT 

PSLE 

PSMI 

FSNZ 

PSPL 

Fsr 

FSZE 

HLT 

lAB 

IGA 

ICL 

ICR 

ILE 

IMA 

INBC 

INBN 

INEC 

JM3H 

im 

INK 



Units 


1 Mnem 


Units 1 


8 


1 INTA 


14 1 


3 


1 INTL 


14 1 


1 


1 IRS 


3 1 


2 


1 IKTC 


9 1 


1 


1 IRTN 


4 1 


12 


1 IRX 


2 1 


4 


1 iTIB 


8 1 


3 


1 JMP 


2 1 


1 


1 JST 


7 1 


1 


1 JSX 


5 1 


4 


JSXB 


5 1 


4 


1 JSY 


5 1 


4 


LCBQ 


2 1 


6 


T<K4K 


2 1 


6 


LOGT 


2 1 


1 


LCLE 


2 1 


38 


LCLT 


2 1 


2 


TOIE 


2 1 


10 


T.m 


1 1 


15 


LDC 


10 1 


1 


TiTir, 


1 1 


9 


TiTTTR 


11 1 


14 


TilW 


1 1 


7 


LDY 


1 1 


11 


T, ■!=!(? 


3 1 


12 


IF 


2 1 


4 


LFBQ 


4 1 


4 


UGE 


4 1 


4 


LbWi' 


4 1 


4 


LFTiE 


4 1 


4 


liFLI 


2 1 


4 


LFLT 


4 1 


3 


LFNE 


4 1 


4 1 


t<;k 


3 1 


1 


liST 


3 1 


2 1 


Liar 


37 1 


1 1 


T.TiR 


3 1 


1 1 


T.T.raj 


3 1 


1 1 


J.TGR 


3 1 


3 1 


LUtI' 


3 1 


4 1 


T,T,T, 


N+2 1 


40 1 


T.T>T,K 


3 1 


35 1 


T.T,T,T 


3 1 


40 1 


LLNE 


3 1 


35 1 


T.TR 


N+2 1 


3 1 


T.T.S 


N+2 1 


6 1 


liT 


3 1 
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Table D-1 (Continued) 
V Mode Instruction Weights 



1 Mnem 


Units 1 


Mnem 


Units 1 


Mnem 


Units 1 


1 

! mcM 


4 1 


QFST 


19 1 


SR3 


10 1 


1 LNE 


3 1 


QIM} 


55 1 


SR4 


10 1 


1 LPID 


6 1 


qiqR 


56 1 


SRC 


3 1 


1 LPSW 


14 i 


RB? 


20 1 


SSI 


10 1 


1 WL 


N+2 1 


RGB 


1 1 


SS2 


10 1 


! WR 


N+2 1 


RMG 


15 1 


SS3 


10 1 


1 ms 


N+2 1 


RRST 


44 1 


SS4 


10 1 


1 LT 


2 1 


RSAV 


85 


SSC 


3 1 


1 MEL 


13 1 


RTQ 


18 


SSM 


1 1 


1 MPY 


8 


RTS 


10 


SSP 


1 1 


1 NFYB 


35 


SIA 


1 


SSR 


10 1 


1 NFYE 


35 


S2A 


1 


SSS 


10 1 


1 NOP 


1 


SAR 


3 


SSSN 


37 1 


1 CRA 


1 


SAS 


3 


STA 


2 1 


1 CflS. 


9 


SKL 


1 


STAG 


8 1 


1 PCL 


40+A 


SCB 


1 


STC 


12 1 


1 PIDA 


2 


SGT 


3 


STEX 


9 1 


1 PI 111. 


3 


SKP 


7 


b'i'l'A 


8 1 


1 PIMA 


3 


.ST,R 


3 


bTL 


2 1 


1 PIML 


4 


RTN 


3 


1 b"i'iC 


9 1 


i ERTN 


16 


RT7, 


3 


1 bTIR 


13 1 


1 Pi'LB 


400 


SMCR 


5 


1 bTPM 


12 1 


1 QFAD 


56 


1 SMCS 


5 


1 SiTM 


17 1 


1 QFGM 


10 


1 SMI 


3 


1 b"i'JL 


2 1 


1 QFCS 


39 


1 SNR 


10 


1 bUY 


2 1 


1 QFDV 


489 


1 SNS 


10 


1 SUB 


1 


1 QFLD 


14 


1 SNZ 


3 


1 SVC 


36 


1 QFT.X 


2 


1 SPL 


3 


1 SZE 


3 


1 QFMP 


65 


1 SRI 


10 


1 TAB 


1 


1 QFSB 


57 


1 SR2 


10 


1 TAK 


3 



I Mnem Units 



TAX 

TAY 

TEA 

TGA 

TCL 

TFLL 

TKA 

TLETj 

TSTQ 

T3CA 

TXA 

WAIT 

XAD 

XBTD 

XGA 

XCB 

XGM 

XOTB 

XDV 

XBC 

XED 

XMP 

XMV 

ZCM 

ZED 

ZFIL 

ZMV 

ZMVD 

ZTRN 



1 

1 

1 

2 

2 

3 

3 

2 

7 

1 

1 
58 
76+3*N 
40f5*N 

2 

2 
80+2*N 
40+5*N 
90+65*# 

9 
Varies 
88+15*S*D 
804-3*N 

20fN 
Veuries 
14f0.5*N 
18+0. 75 *N 
14+0. 75*N 
14+8*N 
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TaixLe D-2 
I Mode Instruction Weigjits 



Mnem Units i Mnem Units i Mnem 



Units I Mnem Units 



A 

ABQ 

ACP 

ADEil 

AH 

AIP 

ARFA 

ARGT 

ATI} 

BC0Q 

BOGE 

BOGT 

BCLE 

BCLT 

BCNE 

BCR 

BCS 

EFEQ 

BPGE 

BPGT 

BFLE 

BFLT 

BFNE 

BHDl 

BHD2 

BHE^ 

BHBQ 

BHGE 

BHGT 

BfUl 

BHI2 

BHI4 

KHLE 

BHLT 

BHNE 

BLR 

ELS 

BMBQ 

BMGE 

BM3T 

EM[£ 

BMLT 

BMNE 

BKBR 

BRBS 

BRDl 

BRD2 



1 
20 
4 
1 
1 
2 
2 
See PCL 
20 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
3 
3 
2 
2 
3 
3 
3 
3 



BRm 

BSEQ 

BRGB 

BRGT 

BRIl 

BRI2 

BRI4 

EKLE 

BRLT 

ERNE 

C 

GAI 

CALF 

OOP 

OGT 

CH 

CHS 

CMH 

GMR 

GR 

GRBL 

GRBR 

CSHL 

GRHR 

GSR 

D 

DKLE 

ECP 

DFA 

TSFC 

DFiCM 

DFD 

DKL 

DFM 

nps 

DFST 

DH 

DHl 

m2 
in 

EMH 

mi 
m2 

ERN 
ERNM 
ERNP 
ERNZ 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
63 
5 
9 



47 
1 
3 
6 

10 
6 

38 
2 

15 
6 
5 

20 
1 
1 
3 
3 
1 
1 

14 
5 

10 
9 



E16S 

E32I 

E32R 

E32S 

E64R 

E64V 

EAFA 

EALB 

EAR 

EAXB 

EIO 

EMCM 

ENB 

ESBf 

EVIM 

FA 

PC 

PCM 

PD 

FL 

FLT 

PLTH 

FM 

PRN 

FRNM 

FRNP 

FRNZ 

PS 

PST 

HLT 

I 

ICBL 

ICBR 

IGHL 

ICHR 

ICP 

IH 

IHl 

IH2 

IM 

IMH 

DfflC 

INBN 

INEC 

INEN 

nm 

INK 



6 
8 
8 
8 
8 
8 
3 
2 
1 
1 

12 
4 
3 
4 
4 
4 

10 
6 

38 
2 

15 

10 
9 

14 
7 

11 

12 
4 
3 

4 
1 
1 
1 
1 
3 
4 
1 
1 
3 
3 
40 

35 

40 

35 

3 

6 



BIT 

INTH 

IRl 

IR2 

IRB 

IRH 

IRTC 

IRTU 

ITLB 

JMP 

JSR 

JSXB 

L 

LOG 

LCBQ 

LOGE 

lOGT 

LCLE 

LCLT 

liCNE 

LDAR 

IDC 

LBQ 

LF 

LPBQ 

LPGE 

LPGT 

LFLE 

LFLI 

LFLT 

LFNE 

LGE 

IfiT 

LH 

LHEQ 

LHGE 

LHGT 

LEILl 

LHI2 

LHLE 

LHLT 

LHNE 

LIOT 

LIP 

T.T.R 

IJjT 
LMGM 



14 
14 
1 
1 
1 
2 
9 
4 
8 
2 
5 
5 
1 
3 
2 
2 
2 
2 
2 
2 
11 
10 
3 
2 
4 
4 
4 
4 
2 
4 
4 
3 
3 
1 
3 
3 
3 
1 
1 
3 
3 
3 
37 
2 
3 
3 
4 
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Table D-2 (Continued) 
I Mode Instruction Weights 



1 Mnem 


Units 1 


Mnem 


Units 1 


Mnfim 


Units 


1 Mnem 


Units 


1 

! LNE 


3 1 


QFDV 


489 1 


SHR2 


2 


i TMH 


1 


1 LPID 


6 1 


QFLD 


14 1 


SLl 


1 


1 TRFL 


2 


1 LPSW 


14 1 


QFMP 


65 1 


RT2 


1 


1 TSTQ 


7 


1 LT 


2 1 


QFSB 


57 1 


SRI 


1 


1 VAIT 


58 


1 M 


13 1 


QFST 


19 


SR2 


2 


1 X 


1 


1 MH 


8 


QINQ 


55 


SSM 


1 


1 XAD 


76+3*N 


1 N 


1 


QI^ 


56 


SSP 


1 


1 XBl'D 


40+5 *N 


1 NFYB 


35 


RBQ 


20 


SSSN 


37 


1 XCM 


80+2*N 


1 NFYE 


35 


RHP 


1 


ST 


2 


1 XUl'B 


40+5*N 


1 NH 


1 


PMC 


15 


STAR 


13 


1 XD7 


90+65*# 


1 NOP 


1 


ROT 


N+2 


STC 


12 


1 XKI) 


Vaiies 


1 


1 


RRST 


44 


STGD 


9 


1 XH 


1 


1 CH 


1 


RSAV 


85 


STGH 


9 


1 mp 


88+15*S*D 


1 Oi'K 


9 


RTI? 


18 


b-lliX 


9 


1 XMV 


80+3*N 


1 POL 


40+A 


RTS 


10 


b'i'FA 


8 


1 ZCM 


20+N 


1 PID 


3 


S 


1 


STti 


2 


1 ZED 


Varies 


1 PITH 


2 


SCB 


1 


1 STPM 


12 


1 ZFIL 14+0. 5*N 


1 PIM 


4 


sec 


5 


1 Sl'i'M 


17 


1 ZM 


2 


1 PIMH 


3 


1 SH 


1 


1 SVC 


36 


1 ZMH 


2 


t PRTN 


16 


1 SHA 


N+2 


1 TC 


2 


i ZMV 


18+0. 75 *N 


1 Pi'LB 


400 


1 SHL 


N+2 


1 TGH 


2 


1 ZMVD 14+0. 75*N 


1 QFAD 


56 


1 SHLl 


1 


1 'iOlP 


2 


1 ZTHN 


14+8*N 


1 QPC 


24 


i SHL2 


1 


i WLR 


3 


1 




1 QFCM 


10 


1 SHRl 


1 


1 TM 


1 


1 





Examination of the V and I mode instruction weights shows that certain 
instructions have much activity in them and thiis take much longer to 
complete execution. Such instructions include STLR/IULR and STAR/LDAR 
(both 13/11 units) that store/load the L register into the addressed 
register. Other such instructions are RSAV/RRST (44/85 units) that 
save/restore all registers. 

Other instructions axe very fast, such as the long loads (LDL and L) at 
one unit each. 

Prime processor designers have worked hajxi to make the instructions 
that "feel" fast be fast. "Cute" -uses of instructions are \isually 
punished by reduced performance. An example of "cute" instruction use 
is LDX* 2 instead of STL Temp, LDX Tempfl. Clever use exploits the 
address modes and multiple index registers to save instructions. 
Clever use of registers oaxi save stor-es, but shuffling v^ata from one 
register to another (even in I mode) to save a store has little value. 
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Restricted instructions are shovm in these tables. Even though several 
of these are heavily weighted, they are not discussed here since they 
are Ring instructions. 

Also, short Integer (16-hit) instructions take less time to execute 
than long integer (32-bit) ones, particularly in the case of multiplies 
and divides. For V mode, long integer arithmetic mnemonics end in "L", 
such as MPL and DVL, while short integer ones do not, as in MPy aM 
DIV. I mode short integer mnemonics end in "H" (half register), such 
as MH and DH, while long integer ones are sinvply M aM D for multiply 
long and divide long. 

For all processors, be sure to use the ZMVD (Move C2iaracters between 
Equal length Strings) instruction when moving bulk data. ZMVD is the 
most efficient means for data moving. All of Prime software is 
learning to use this instruction for bulk data transfers. Prime 
processors are optimized for ZMVD. 

The advantage of using these tables of weighted instruction times is 
cibvious if you are programming in PMA. If you are programming in a 
high level language sucih as FORTRAN or Pascal, however, you first need 
to generate an expanded listing when you are compiling your source 
program. Such a listing shows the PMA code that the compiler generated 
for each source statement. Simple arithmetic will show the approximate 
relative weights that each source statement takes. 



EXTENSIONS TO INSTRUCTICN WEIGHTO 

Unfortunately, no simple calculation can accurately produce the actual 
instruction time of any modem machine (including all of Prime's, of 
course). Many factors influence the execution of a single instruction. 
The most invportant is, of course, the processor type. However, many 
other factors also affect execution time. Address formation and 
virtual memory considerations are shown in Table D-3. Other factors 
are harder to describe and so are deemed less important. Among them 
are I/O (EMx) and process exchange activity, interprocessor locking (on 
the P850), memory refresh, EOOC's, etc. 

TaMe D-3 shows that indexing adds no further time to the basic 
Instruction while indirection adds 1 unit. Unaligned data also adds 1 
unit, so be sure to align data on even word (32-bit) bouaiaries an 
common blocks. Prime software provides for proper data alignment if 
possible. Address traps add considerably more time to instruction 
execution. Read or write address traps add 8 units apiece, and should 
be avoided. An address trap is Invoked in V mode short instructi ons if 
the final address is to memory from to 7. The trap is to register 
file locations. 

A time penalty is paid whenever there is a cache miss (13 units) or an 
STUB miss (31 units), since the virtual-to-piiysical address translation 
process has to occur. The more pages used in a program, the higher the 
probability of a cache miss, STLB miss or a page fault. As a rule of 
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thumb to keep these delays down, ensure that your progreuns have their 
most frequently-used subroutines loaded together — do not load 
subroutines on an aJ-phahetio basis. 



Table D-3 

Comparative Weighting 
Address Formation High End for 321 Mode 



Vanilla 


L 


l.POO 


1 unit 






IndexBd, 


L 


l.POO, 2 


1 unit 






Reg-Reg 


L 


1,2 


1 unit 






Immediate 


L 


1,=10 


1 unit 






Indirect 


L 


l,P$i''00,* 


2 units 






Indirect 


L 


1,P$P00,*2 


2 units 


(pc 


jstindj 


Unantgned 


L 


l.KX) 


2 units 






Cache miss 


L 


l.FOO 


14 units 


(1 


only) 


STLB miss 


L 


l.KX) 


32 units 


(1 


only) 



Worst case L 1,P$P00,* 179 units 
(Four STLB and Cache misses, Indirect, I. P. 



Address Traps: 

LDA* 6 

DFST TEMP 

IHA TEMP+3 

STA# 6 

STA TEMP+3 

DFLD TEMP 



9 tmits 
6 units 

9 \mits 
4 units 



aM operand unaligned. ) 

(Read address trap) 
(Better practice) 

(Write address trap) 
(Better practice) 



"Normal" cache hit rate of 98 percent 
"Normal" STLB hit rate of 99 percent 
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Archived Instructions 



This appendix contains arohived. S, R, V, and I mode instructions. 
These instructions support options that axe no longer offered, or they 
support functions that are no longer used. TaMe E-1 contains a 
summary of the axchived instructions. (This table is in the same 
format as those in Appendix C. ) The descriptions of these instructions 
follow TaJDle E-1. 



Table E-1 
Archived Instruction Summary 



R Mnem Opcode Form Func M C OC Description 



R GAI 000411 GEN 
GREP 02 MR 



10 SRVI 
PCTLJ R 



exes 001714 GEN MCEL VI 6 5 



R EbO! 000503 GEN 

ENTR 01 03 MR 

R ESIM 000415 GEN 

R EVIM 000417 GEN 

JBQ 02 03 MR 

JGE 07 03 MR 



INTGY SRVI 

PCTLJ R 

10 SRVI 

10 SRVI 

PdW R 

PCELJ R 



Clear Active Interrupt 
Call Recursive Entry 

Procedure 
Control Extended Control 

Store 
Enter Machine Check Mode 
Enter Recursive Procedure 

Stack 
Enter Standard Interrupt Mode 
Enter Vectored Interrupt Mode 
Jump on A Equal to 
Jump on A Greater Than or 

Equal to 
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Table E-1 (continued) 
ArGhived Instruction Suimnary 



R Moem Opcode Form Func 



M 



C CC 



Description 





JGT 


05 03 


MR 


PCnLJ 


R 


- 


- 




JIK 


04 03 


MR 


PCTU 


R 


— 


— 




JLT 


06 03 


MR 


paiu 


R 


- 


- 




JNE 


03 03 


MR 


pcru 


R 


- 


- 


R 


DICM 


000501 


GEN 


IWilUy 


SRVI 


- 


- 




LWGS 


001710 


GEN 


MQTL 


VI 


6 


5 


R 


MCEI 


001304 


(4KN 


INIUY 


VI 


6 


5 


R 


MDII 


001305 


GEN 


JNliif 


VI 


6 


5 


R 


MDIW 


001324 


GKN 


INiGY 


VI 


6 


5 


R 


MERS 


001306 


GblN 


DTIGY 


VI 


6 


5 


R 


MDWC 


001307 


GEN 


JNiXif 


VI 


6 


5 




MIA 


64 


mcR 


MG'i'L 


I 


- 


- 




MIA 


12 01 


MR 


MCTL 


V 


- 


- 




MTH 


74 


mCR 


MCEL 


I 


- 


- 




MIB 


13 01 


MR 


MCTL 


V 


- 


- 




HRM 


000101 


GEN 


INT 


SR 


8 


- 




RTN 


000105 


GEN 


PCTLJ 


SR 


- 


- 




SCA 


000041 


GEN 


INT 


SR 


- 


- 


R 


SNR 


10024X 


GEN 


RKTP 


SRV 


- 


- 



Jump on A Greater Than 
Jump on A Less Than or Equal 

to 
J-uiitp on A Less Than 
Jump on A Not Equal to 
Leave MaGhine Check Mode 
Load Writable Control Store 
Memory Diagnostic Enaile 

Interleave 
Inhibit Interleaved 
Write Interleaved 
Read Ssmcrome Bits 
Load Write Control Register 
Microcode Entrance 
Microcode Entrance 
Microcode Entrance 
Microcode Entrance 
Normalize 
Return 

Load Shift Count into A 
Skip on Sense Switch N Reset 

to 

- - Skip on Sense Switch N Set 
to 1 

- - Skip on Sense Switch 1 Reset 
to 

- - Skip on Sense Switch 2 Reset 
to 

- - Skip on Sense Switch 3 Reset 
to 

- - Skip on Sense Switch 4 Reset 
to 

- - Skip on Sense Switch 1 Set 
to 1 

- - Skip on Sei^e Switch 2 Set 
to 1 

- - Skip on Sense Switch 3 Set 
to 1 

- - Skip on Sense Switch 4 Set 
to 1 

- - Skip on All Sense Switches 
Reset to 

- - Skip on Any Sense Switches 

Set to 1 
VIRY 000311 GEN INTGY SRVI 6 5 Verify 
WCS 0016XX GEN MCTL RVI - - Write Control Store 
XVRY 001113 MCIL GEN VI 6 5 Verify XIS 



R SNS 10124X GEN SKIP SRV 
R SRI 100020 GEN SKIP SRV 



R 


SE12 


100010 


GEN 


SKIP 


SRV 


R 


SR3 


100004 


GEN 


SKIP 


SRV 


R 


SR4 


100002 


(4KN 


SKIP 


SRV 


R 


SSI 


101020 


GKN 


SKIP 


SRV 


R 


SS2 


101010 


GRN 


SKIP 


SRV 


R 


SS3 


101004 


GEN 


SKIP 


SRV 


R 


SS4 


101002 


GEN 


SKIP 


SRV 


R 


SSR 


100036 


nm 


SKIP 


SRV 


R 


SSS 


101036 


GEN 


SKIP 


SRV 
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^ CAI 

Clear Active Interrupt 

0000000100001001 (S, R, V, I mode form) 

Clears the current active interrupt. Effective only in vectored 
interrupt mode. Inhibits interrupts for one instruction. Leaves the 
values of OBIT, LINK, and the condition codes unchanged. 



Note 



This is a restricted instruction. 



► GREP address 

Call Recursive Entry Procedure 
IXIOOOIIOOOOIO CB\2 (R mode form) 
[ DISPLACEMENT\16 ] 

Increments the contents of the program counter aM loads the result 
into the location following the one specified ty the current value of 
the R mode stack pointer. Calculates an effective address, EA, and 
loads it into the program counter. Execution continues with the 
location specified ty the new value of the program counter. 

This instruction performs subroutine lljaka^e for reentrant or recursive 
procedures. CREP stores the return address in bits 17-32 (the second 
halfword) of a stack frame created ty the ENTR instruction, rather than 
in the destination address as JST does. Leaves the values of GBIT, 
LINK, and the condition codes indeterminate. 



^ OSCS 

Control Extended Control Store 
0000001111001100 (V. I mode form) 

Moves the A register contents to the control register on the writable 
control store board. Leaves the values of GBIT, LINK, ani the 
condition codes indeterminate. 



^ EMCM 

Enter Machine Check Mode 
0000000101000011 (S, R. V, I mode form) 

Enters machine check mode 3 by loading 3 into modal bits 15-16. This 
mode enables the reporting of all errors. The actions taken upon an 
error depend on whether the max3hine was in process exchange mode or 
not. 
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The instrucytion inhibits interrupts during execution of the next 
instruction. Leaves the valiies of CBIT, LINK, and the condition codes 
unchanged. See Chapter 10 of the Ss^tem Architecture Reference Guide 
for more information about checks. 

If an error occurs in process exchange mode, the microcode stores the 
maxihine state in the appropriate check vector and transfers control to 
that vector, automatically dropping back to machine check mode 0. 

If an error occurs when the machine is not in process exchange mode, 
the following actions occur. If the appropriate check vector contains 
a nonzero value, the processor j-unvps indirectly through this vector to 
the check routine. If the check vector location contains 0, the 
maxdiine halts. 



Note 



This is a restricted instruction. 



^ ENTR n 

Enter R Mode Recursive Proced-ure Stack 
IXOOOlllOOOOll C!B\2 (R mode long form) 
[ DISPLACEMENT\16 ] 

Creates a save area n halfwords long . (A halfword is 16 bits . ) Saves 
the current value of the R mode stack pointer in the first halfword of 
the save area. The starting address of the save area is: 

( contents of R mode stack pointer ) - n 

This means that the instruction creates a stack frame containing n 
locations, aoi that the first location points to the previous frame. 

The ENTR instruction leaves the values of CBIT, LINK, and the condition 
codes unchanged. 



^ ESDI 

Enter Standard Interrupt Mode 
0000000100001101 (S, R, V, I mode form) 

Enters standard interrupt mode ty resetting bit 2 of the medals to 0. 
Inhibits interrupts for one instruction. ESIM is meaningless when the 
system is in process exchange mode (that is, the value of modal bit 13 
is 1). All interrupts use location '63. The processor services 
interrupts according to their relative positions on the I/O bos. Lower 
devices have higher priority. Inhibits interrupts during execution of 
the next instruction. Leaves the values of CBIT, LINK, and the 
coiiiition codes unchanged. Refer to Chapter 10 of the System 
ArcMtecture Reference Guide for more information about interrupts. 
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Note 



ESIM Is a restricted instruction. 



^ EVIM 

Enter Vectored Interrupt Mode 
0000000100001111 (S, R, V, I mode form) 

Enters vectored interrupt mode ty setting bit 2 of the modals to 1, 
EVIM is meaningless when the ss^stem is in process exchange mode (that 
is, the value of modal bit 13 is 1). The processor services Interrupts 
according to their relative positions on the I/O bus. Lower devices 
have higher priority. Interrupts occur through a location specified ty 
the interrupting device. Inhi±)its interrupts during execution of the 
next instruction. Leaves the val\ies of LINK, CBIT, aoi the coidition 
codes unchanged. Refer to Chapter 10 of the System ArGhltecture 
Reference Guide for more infoimation about interi^ipts. 



Note 



This is a restricted instruction. 



► JEQ address 

Jump on A Equal to 

IXOOlOllOOOOll CB\2 (R mode form) 
[ DISELACEMENT\16 ] 

Calculates an effective address, EA. Loads EA into the program counter 
if the contents of A are equal to 0. If the contents of A are not 
equal to 0, execution continiies with the next instruction. Leaves the 
values of CBIT, LINK, and the coixiition codes unchanged. 



1^ JGB address 

Juiivp on A Greater Than or Equal to 
IXOlllllOOOOll CB\2 (R mode form) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. If the contents of A are greater 
than or equal to 0, the instruction loads EA Into the program counter. 
If the contents of A are less than 0, execution continues with, the next 
instruction. Leaves the contents of CBIT, LINK, aoi the condition 
codes unchanged. 
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► JGT address 

Jump on A Greater Than 

IXOlOlllOOOOll GB\2 (R mode form) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. If the contents of A are greater 
than 0, the instruction loads EA into the program counter. If the 
contents of A are less than or equal to 0, execution continues with the 
next instruction. Leaves the contents of CBIT, LINK, and the condition 
codes unchanged. 



^ JLE address 

Jump on A Less Than or Equal to 
IXOlOOllOOOOll CB\2 (R mode form) 
[ DISPLACEMENT\16 ] 

Calculates an effective address. EA. If the contents of A are less 
than or equal to 0, the instruction loads EA into the program counter. 
If the contents of A are greater than 0, execution continues with the 
next instruction. Leaves the contents of LINK, OBIT, and the condition 
codes unchanged. 



^ JLT address 

Jump on A Less Than 

IXOllOllOOOOll GB\2 (R mode foim) 
[ DISPLACEMENT\16 3 

Calculates an effective address, EA. If the contents of A are less 
than 0, the instruction loads EA into the program counter. If the 
contents of A are greater than 0, execution continues with the next 
instruction. Leaves the contents of CBIT, LINK, and the condition 
codes unchanged. 



^ JNE address 

Jump on A Not Equal to 

IXOOllllOOOOll CB\2 (R mode form) 
[ DISPLACEMENT\16 ] 

Calculates an effective address, EA. If the contents of A do not equal 
0, the instruction loads EA into the program counter. If the contents 
of A are equal to 0, execution continues with the next instruction. 
Leaves the contents of CBIT, LINK, and the condition codes unchanged. 
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Leave Machine CSaeck. Mode 
0000000101000001 (S, R, V, I mode form) 

Leaves madiiiie Ghec3k mode ty setting bits 15-16 of the modals to 00. 
If a madhine parity error occurs in this mode, the hardware sets the 
machine check flag but no check (V mode) or interrupt (S, R modes) 
occurs. Inhibits the machine for one instruction. Leaves the values 
of CBIT, LINK, and the condition codes unchanged. . 



Note 



This is a restricted instruction. 



^ LWCS 

Load Writable Control Store 
0000001111001000 (V, I mode form) 

Loads the writable control store portion of the extended control store 
board from the memory block pointed to by XB. The control register 
loaded iy CXCS modifies this instruction. Leaves the values of CBIT, 
LINK, and the condition codes indeterminate. 



► MDEI 

Memory Diagnostic Enable Interleave 
0000001011000100 (V, I mode fonn) 

Enables the memory interleave facility. Leaves the values of LINK, 
CBIT, and the coiidition codes unchanged. 



Note 



This is a restricted instruction. 



► MDII 

Memory Diagnostic Inhibit Interleave 
0000001011000101 (V. I mode form) 

Inhibits the memory interleave facility. Leaves the values of LINK, 
CBIT, and the condition codes unchanged. 



Note 



This is a restricted instruction. 
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^ MDIW 

Memory Diagnostic Write Interleaved 
0000001011010100 (V, I mode form) 

Writes interleaved memory. Leaves the values of LINK, CBIT, and the 
condition codes unchajiged. 



Note 



This is a restricted instruction. 



^ MERS 

Memory Diagnostic Pead Syndrome Bits 
0000001011000110 (V, I mode form) 

Reads memory syndrome hits. Leaves the valvies of LINK, CBIT, and the 
condition codes unchanged. 



Note 



This is a restricted instruction. 



► MDWG 

Memory Diagnostic Load Write Control Register 
0000001011000111 (V, I mode form) 

Writes memory control register. Leaves the values of LINK, CBIT, and 
the condition codes unchanged. 



Note 



This is a restricted instruction. 



^ MIA 

Microcode Ej^cute A 

IXIOIOIIOOOYOI BR\2 (V mode long form) 

DISPLACEMENT\16 

110 10 m\Z TM\2 SR\3 ER\2 (I mode form) 
[ DISPLACEMENT\16 ] 

This instruction currently causes a UII faiolt. If implemented, this 
instruction is for user-written microcode. For more information atout 
UII, refer to Chapter 10 of the System Architecture Reference Guide . 
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^ MIB 

Miorocode Execute B 

IXlOllllOOOYOl HR\2 (V mode long) 

DISPIACEMENT\16 

11110 m\3 TM\2 SR\3 BR\2 (I mode form) 
[ DISPLACEMENT\16 ] 

Ttiis Instruction currently causes a UII fault. If iinplemented, this 
instruction is for user-written microcode. For more information about 
UII, refer to Chapter 10 of the Ss^em ArGhitecture Reference Guide . 



^ ma 

Normalize 

0000000001000001 (S, R mode form) 

Shifts the 31-bit integer in A emd B to the left arithmetically, 
shifting in Os into bit 16 of B. The shift does not affect bit 1 of B 
or bit 1 of A. The instruction shifts bits out of bit 2 in A until the 
value of bit 2 is opposite the value of bit 1 in A. Loads bits 9-16 of 
the S and R mode keys with the niomber of shifts performed. 

Normalizing on all machines results in the following: zeros are 
loaded in bits 9-16 of the "keys; bit 1 of the B register is ignored in 
the test for zero. Bit 1 of the B register may be reset or left 
unchanged, depending on the processor. 

Leaves the valiies of CBIT aoi the condition codes unchanged; the value 
of LINK is indeterminate. 



Note 

Since the bits shifted out of bit 2 in A contain copies of the 
sign of the 31-bit number, the shift results in no loss of 
information. 



► RTN 
Return 
0000000001000101 (R mode form) 

Returns control from a P300 recursive procedure to the calling routine. 
To do this, RTN fetches the retxim addi-ess from the secoixi halfword of 
the previous stack frame and loads the result in the program counter. 
RTN then transfers halfword 1 (the pointer to the preceding stack 
frame) to the S register. (A halfword is 16 bits.) 

(S)+l -> P 
(S) -> S 
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If the retirm address is 0, (S) is unGhanged aM a PSU (Procediire Stacsk 
Underflow) fault is taken (interrupt through location '75 In phjrsioal 
memory is taken on the Prime 300). Leaves the values of LINK, CBIT, 
and the condition codes unchanged. 



Note 
This instruction reverses the actions done by GREP and ENTR. 



^ SCA 

Load Shift Count Into A 
0000000000100001 (S, R mode form) 

Loads the contents of bits 9-16 of the kej^s into bits 9-16 of A. 
Clears bits 1-8 of A to 0. Leaves the values of CBIT, KQJK, and the 
condition codes unchanged. 



Note 



The SCA instruction is used with NRM. 



^ SNR n 

Skip on Sense Switch N Reset to 

1 1 1 N\4 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the contents of sense 
switch N are 0. Leaves the values of CBIT, LINK, and the condition 
codes unchanged. 

N specifies the sense switch to test. 

Note 
This is a restricted instruction. 



^ SNS 

Skip on Sense Switch N Set to 1 

1 1 1 1 N\4 (S, R, V mode form) 

Skips the next sequential 16-bit halfVord if the value of sense switch 
N is 1. Leaves the values of CBIT, LINK, and the oorxiition codes 
unchanged. 

N specifies the sense switch to test. 
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Note 



SNS is a restricted instruction. 



^ SRI 

Skip on Sense Switch. 1 Reset to 
1000000000010000 (S, R. V mode forai) 

Skips the next sequential 16-bit halfword if the value of sense svd-tcii 
1 is 0. Leaves the values of CBIT, LINK, and the coMition codes 
unchanged. 



Note 



This is a restricted instruction. 



^ SR2 

Skip on Sense Switch 2 Reset to 
1000000000001000 (S, R, V mode fonn) 

Skips the neacb sequential 16-bit halfword if the value of sense switch 
2 is 0. Leaves the values of CBIT, LINK, and the coalition codes 
unchanged. 



Note 



This is a restricted instruction. 



^ SR3 

Skip on Sense Switch 3 Reset to 
1000000000000100 (S, R, V mode form) 

Skips the next sequential 16-bit halfvord if the valiie of sense switdi 
3 is 0. Leaves the values of CBIT, LINK, aad the coixlition codes 
imchanged. 



Note 



This is a restricted instruction. 
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Skip on Sense Switch 4 Reset to 
1000000000000010 (S, R. V mode form) 

Skips the next sequential 16-bit halfword if the value of sense switch 
4 is 0. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



Note 



This is is a restricted instruction. 



^ SSI 

Skip on Sense Switch 1 Set to 1 
1000001000010000 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the value of sense switch 
1 is 1. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 



Note 



This is a restricted instruction. 



^ SS2 

Skip on Sense Switch 2 Set to 1 
1000001000001000 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the value of sense switch 
2 is 1. Leaves the values of CBIT, LINK, and the condition codes 
Tinchanged. 



Note 



This is a restricted instruction. 



^ SS3 

Skip on Sense Switch 3 Set to 1 
1000001000000100 CS, R, V mode form) 

Skips the next sequential 16-bit halfword if the valvie of sense switch 
3 is 1. Leaves the values of CBIT, LINK, and the condition codes 
unchanged. 
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Note 



This is a restricted instruction. 



^ SS4 

Skip on Sense Switoti 4 Set to 1 
1000001000000010 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the valtie of sense switGh 
4 is 1. Leaves the values of CBIT, LINK, and the condition codes 
imchanged. 



Note 



This is a restricted instruction. 



^ SSR 

Skip on All Sense Switches Reset to 
1000000000011110 (S, R, V mode form) 

Skijs the next sequential 16-hit halfword if the values of sense 
switches 1, 2, 3, and 4 are all 0. Leaves the values of CBIT, LINK, 
and the condition codes unchanged. 



Note 



This is a restricted Instruction. 



^ SSS 

Skip on Any Sense Switches Set to 1 
1000001000011110 (S, R, V mode form) 

Skips the next sequential 16-bit halfword if the values of sense 
switches 1, 2, 3, and 4 axe all 1. Leaves the values of CBIT, LINK, 
and the condition codes uncihanged. 



Note 



This is a restricted instruction. 
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► viRy 

Verify 0311 opcode 

0000000011001001 (S, R, V mode form) 

Executes the verification routine. If there is a failure of any kind, 
the processor goes on to the next Instruction with the number of the 
test that failed in register A. If there are no errors, the processor 
skips the next sequential instruction. 

If the processor does not have the verification routine, this 
instruction executes as no-op. 



^ VCS n 

VritaiJle Control Store 

1 1 1 N\6 (R, V, I mode form) 

Reserved set of 64 op codes to serve as microcode entrances, where n is 
through 63. 



^ XVRY 

XIS Board Verify 1113 opcode 
0000001001001011 (S, R, V mode form) 

XVRY executes a Prime 500 microcode diagnostic routine tht chediis the 
integrity of the XIS board. If the XIS board is not functional, the 
processor does not skip the next instruction and the A register holds 
the failed micro-diagnostic test number. If the processor passes the 
verify instruction, it skips the next instruction. 

The codes and tests are: 

'72 Data Move Test - Load aai Unload XIS Board 

'73 Normalize Test - Adjust Tfest 

'74 Binaiy Multiply 

'75 Binary Divide 

'76 Decijnal Arithmetic 
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The 2455 processor has now been added to the Prime 50 Series oonvputers. 
This new processor shares the axcihiteoture aai operating system that is 
common to all 50 Series processors and mafees the 50 Series a ijtip of 
completely upward-compatible and downward-compatible systems. 

The lnvplementation of the common architecture, however, can be slightly 
different for each member of the 50 Series, allowing the different 
processors to address a wide variety of user needs while remaining 
compatible. 

The architectuxal implementation of the 2455 is identical to that of 
the 2755 processor. This means that instruction set features that 
apply to the 2755 apply equally well to the 2455. The only exception 
to this is the STPM (Store Processor Model) instruction: the processor 
model nuinber code for the 2455 is 32L (decimal). 
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